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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a starting 
control system that appropriately executes a judgment 
of perfect ignition in the engine at starting. 
SOLUTION: An engine, motor MG1. motor MG2. and axle 
are connected via planetary gears to constitute a hybrid 
vehicle. The engine is cranked to start by means of the 
torque of the motor MG1. If the engine speed is lower 
than the igniting speed Netag, the torque of the motor 
MG1 is changed according to a predetermined pattern. 
After the igniting speed is achieved and the engine 
operation is started, the torque of MG1 is set by PI 
control so that the engine speed becomes a 
predetermined target speed N1*. The target speed N1* 
is set lower than an engine idling speed Ne*. When the 
engine starts self-sustaining operation at the idling 
speed Ne*. the torque of the motor MG1 changes into 
the negative region. With this change of torque, reliable 
judgement of perfect ignition can be executed. 
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•* NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] VVhile rotating this engine with the power of the motor combined with the engine A 
power setting means to be the starting control device to which supply and ignition to a fuel are 
performed, and self-sustaining of this engine is carried out, and to set up the demand power at 
the time of self-sustaining of this engine. In the range which does not check the engine control 
means which controls operation of said engine by operational status according to said demand 
power, and operation of said engine The starting control unit equipped with the motor control 
means which rotates said motor at a low motor target rotational frequency, and a self-sustaining 
judging means to judge whether said engine started self-sustaining based on the torque of this 
motor, more nearly intentionally than the engine speed realized by said engine control means. 
[Claim 2] It is the starting control unit which is a means by which are a starting control unit 
according to claim 1. said power setting means is a means to set said demand power as a value 
0, and said engine control means rotates said engine by the predetermined engine speed. 
[Claim 3] It is the starting control device which is a starting control device according to claim 2. 
and is a means by which have a temperature detection means to detect the temperature of said 
engine, and said power setting means makes said demand power a forward predetermined value 
in below the predetermined value in which this temperature becomes settled according to the 
ease of ignition in said engine. 

[Claim 4] It is the hybrid car it runs while controlling starting and a halt of this engine by the 2nd 
motor which carried an engine and the 1 st motor as a source of supply of power, and was 
combined with this engine. While controlling said 2nd motor and rotating this engine according to 
the starting demand of this engine An engine ignition control means to perform supply and 
ignition to the fuel to said engine, In the range which does not check a power setting means to 
set up the demand power at the time of self-sustaining of this engine, the engine control means 
which operates said engine by the operational status according to said demand power, and 
operation of said engine The motor control means which rotates said 2nd motor at a low motor 
target rotational frequency more nearly intentionally than the engine speed realized by said 
engine control means. A hybrid car equipped with a self-sustaining judging means to judge 
whether said engine started self-sustaining based on the torque of this 2nd motor. 
[Claim 5] It is the hybrid car which is a means by which are a hybrid car according to claim 4. 
said power setting means is a means to set said demand power as a value 0, and said engine 
control means rotates said engine by the predetermined engine speed. 

[Claim 6] It is the hybrid car which is a hybrid car according to claim 5, and is a means by which 
have a temperature detection means to detect the temperature of said engine, and said power 
setting means makes said demand power a forward predetermined value in below the 
predetermined value in which this temperature becomes settled according to the ease of ignition 
in said engine. 

[Claim 7] It is the hybrid car which is a hybrid car according to claim 5, and is the means which 
is equipped with a stop judging means to judge whether said car is stopping, and makes said 
demand power a forward predetermined value when said car is not stopping said power setting 
means. 
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[Claim 8] While rotating this engine with the power of the motor combined with the engine It is 
the control approach to which supply and ignition to a fuel are carried out, and self-sustaining of 
this engine is carried out (a). The process which sets up the demand power at the time of self- 
sustaining of this engine, (b) Process which controls operation of said engine by operational 
status according to said demand power (c) In the range which does not check operation of said 
engine Process which rotates said motor at a low motor target rotational frequency more nearly 
intentionally than the engine speed realized by said engine control means (d) The control 
approach equipped with the process which judges whether said engine started self-sustaining 
based on the torque of this motor. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the starting control unit and the control 
approach of putting this engine into operation with the power of the motor combined with the 
engine. Moreover, an engine and a motor are made into the source of power, and it is related 
with the hybrid car carrying said engine starting control device. 
[0002] 

[Description of the Prior Art] In recent years, the hybrid car equipped with an engine and a 
motor as a source of power is proposed. There are a series hybrid car and a parallel hybrid car 
as hybrid car. An engine is [ only being combined with a igenerator. and ] and, as for a series 
hybrid car, a driving shaft says the hybrid car which is not combined mechanically. By the series 
hybrid car, a generator can be driven and generated with engine power. This power is used for 
charge of a dc-battery, and also it is supplied to the motor for a drive combined with the driving 
shaft. A series hybrid car runs with the power of this motor. Mechanical power from an engine 
cannot be transmitted to a direct-drive shaft. 

[0003] A parallel hybrid car means the hybrid car with which the engine and the driving shaft 
were combined mechanically. The engine is combined also with the generator besides a driving 
shaft By the parallel hybrid car, a part of power [ at least ] outputted from the engine can be 
transmitted to a driving shaft. Moreover, it can also generate electricity by driving the generator 
combined with the engine under engine power. Furthermore, it can act as the power running of 
the motor combined with the driving shaft, and can also run the motor. By acting as the power 
running of the motor, it can compensate with the power transmitted to the driving shaft from the 
engine, and can output and run demand power from a driving shaft 

[0004] According to the run state of a car, operation of an engine is controlled by the hybrid car 
mentioned above. For example, by the series hybrid car, when sufTicient power for the power 
running of a motor is charged by the dc-battery, operation of an engine is suspended. If the 
power of a dc-battery is consumed and charge is needed, an engine will start and charge will be 
started. By the parallel hybrid car, at the time of start, an engine is suspended and it runs using 
the power of a motor. If a car reaches the predetermined vehicle speed, an engine will be put 
into operation and it will run using engine power. The point by which starting and a halt of an 
engine are controlled according to the charge condition of a dc-battery is the same as that of a 
series hybrid car. 

[0005] Usually by the car which makes only an engine the source of power, there is always an 
engine in operational status during transit of a car. By the usual car, in case operation of a car is 
started, an operator operates an ignition switch and puts an engine into operation. If an operator 
turns ON an ignition switch, cranking of the engine will be carried out by the so-called power of 
a starter. If an engine engine speed reaches hundreds rpm extent injection and ignition to a fuel 
will be performed and operation of an engine will be started. If operation starts, an engine 
rotational frequency will increase rapidly to about 1000 rpm extent From fluctuation of this 
engine speed, an operator recognizes that engine independence starting was started and 
completes the actuation for engine starting. 
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[0006] On the other hand, by the hybrid car. it is not concerned with actuation of an operator 
but starting and a halt of an engine are performed during transit. By the hybrid car, a starting 
control device performs engine starting according to an engine starting demand. If an engine 
starting demand is received, a starting control device will act as the power running of the motor 
combined with the engine, and will perform cranking. If an engine reaches a predetermined engine 
speed, injection and ignition to a fuel will be performed and operation of an engine will be started. 
If judged with the engine having started self-sustaining (henceforth a high-order detonation 
judging), a starting control device will end the processing for putting an engine into operation. 
[0007] 

[Problem(s) to be Solved by the Invention] By the hybrid car, starting and a halt of an engine are 
repeatedly performed during transit. Therefore, in order to secure a sufficiently comfortable 
degree of comfort, it is desirable to put an engine into operation smoothly. In order to realize this 
starting, after raising a rotational frequency to the neighborhood to the rotational frequency at 
the time of self-sustaining by cranking, injection and ignition to a fuel are performed by the 
hybrid car. For this reason, fluctuation of the engine speed in self-sustaining initiation order is 
comparatively small, and it is difficult to judge whether from the engine engine speed, the engine 
started self-sustaining. By the conventional hybrid car, the engine high-order detonation Judging 
was made based on an engine rotational frequency and the elapsed time after ignition. 
[0008] However, by the approach of starting, there was a case where a suitable high-order 
detonation judging could not be performed. For example, when the elapsed time after ignition is 
set up short, operation of a motor may be suspended although the engine has not fully started 
self-sustaining. Consequently, the engine may have stopped, without the ability starting self- 
sustaining with the load of friction of a power network. Conversely, when elapsed time was set 
up for a long time, although the engine had already started self-sustaining, the motor was 
operated, and the consumption of power was increasing. 

[0009] Moreover, when above-mentioned elapsed time is set up for a long time in the case of a 
parallel hybrid car, the responsibility of the car under transit will be spoiled. It is because to shift 
to the transit which ended control of engine starting promptly during transit, and used engine 
power is desired. Furthermore, time amount until an engine starts self-sustaining changes 
according to various operational status, such as engine water temperature. The conventional 
starting control unit was not able to perform the suitable high-order detonation judging which 
suited all these situations. 

[0010] An above-mentioned technical problem is not a technical problem limited to the hybrid 
car. It was a technical problem common to all the starting control units that will need to judge 
engine self-sustaining. This invention is made in order to solve this technical problem* and it 
aims at offering the starting control unit and the control approach of performing an engine high- 
order detonation judging appropriately. Moreover, it aims at offering the hybrid car which applied 
this starting control device. 
[0011] 

[jhe means for solving a technical problem, and its operation and effectiveness] In order to 
solve a part of above-mentioned technical problem [ at least ]. the following configurations were 
taken in this invention. While the starting control device of this invention rotates this engine with 
the power of the motor combined with the engine A power setting means to be the starting 
control device to which supply and ignition to a fuel are performed, and self-sustaining of this 
engine is carried out, and to set up the demand power at the time of self-sustaining of this 
engine. In the range which does not check the engine control means which controls operation of 
said engine by operational status according to said demand power, and operation of said engine 
The motor control means which rotates said motor at a- low motor target rotational frequency 
more nearly intentionally than the engine speed realized by said engine control means. Let it be a 
summary to have a self-sustaining judging means to judge whether said engine started self- 
sustaining based on the torque of this motor. 

[0012] According to this starting control device, the fluctuation which appears in the torque of a 
motor can perform an engine high-order detonation judging appropriately as a result of the 
interaction of an engine control means and a motor control means. That is. after engine self- 
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• sustaining is started according to the above-mentioned starting system, an engine control means 
operates the engine by the operational status according to demand power. The control by the 
engine control means is controllable so that various modes can be considered, for example, the 
product of a rotational frequency and torque, i.e., the power outputted, is equivalent to demand 
power. Moreover, it is good also as what is controlled to operate an engipe at the predetermined 
engine speed which becomes settled according to demand power. In spite of having performed 
supply and ignition to a fuel in the engine, in the condition of having not started self-sustaining, 
naturally, an engine control means cannot function effectively and an engine will not be in the 
operational status according to demand power. 

[0013] On the other hand, a motor control means controls rotation of a motor by the starting 
control unit of this invention. Since it is combined with the engine, this motor will control an 
engine rotational frequency indirectly. That is. a motor control means controls a motor to rotate 
an engine at a low engine speed more nearly intentionally than the engine speed realized by the 
engine control means. After an engine starts self-sustaining and an engine control means begins 
to function effectively, from a motor, negative torque is outputted in order to make a motor 
target rotational frequency reduce the rotational frequency. Before an engine starts self- 
sustaining, since the engine engine speed is lower than a motor target engine speed, in the 
condition that the engine control means is not functioning effectively, forward torque is 
outputted from a motor in order to raise an engine engine speed. 

[0014] Thus, according to the starting control device of this invention, engine operational status 
is controlled by two means, an engine control means and a motor control means. Consequently, 
the output torque of a motor is changed according to whether whether an engine control 
means's functioning effectively and an engine started self-sustaining. In the starting control 
device of this invention, it judges whether based on fluctuation of the torque of the motor 
produced in this way. the engine started self-sustaining. Fluctuation of the torque of a motor is 
detectable with an easily and sufficient precision based on the torque command value by the 
motor control means. Therefore, according to the starting control unit of this invention, a high- 
order detonation judging can be performed appropriately. 

[0015] Here, the vocabulary in this specification is defined. In this specification, as for "starting", 
an engine shall say a condition until it starts self-sustaining from a idle state. Self-sustaining 
means that it is in the operational status to which an engine can continue rotation without the 
torque from a motor. In the beginning when injection and ignition to a fuel were started by the 
engine, self-sustaining may be unable to be performed yet On these specifications, the 
vocabulary a "start up" shall only be used to this condition. 

[0016] A motor target engine speed is a target engine speed of the engine used for a setup of 
the torque of a motor as explained previously. Therefore, whether a motor target engine speed is 
more nearly intentionally [ than an engine target engine speed ] low shall judge in the condition 
just before the power outputted from the motor is transmitted to an engine. For example, when 
the motor is combined with the engine through the change gear, let a rotational frequency just 
before being transnnitted to an engine through a change gear be a motor target rotational 
frequency. When, as for this invention, the motor is combined with the engine through the change 
gear in this way, also when the engine speed of the motor itself is not low intentionally from-an - 
engine speed, it is included. 

[0017] In addition, the range of a low rotational frequency is the range of extent which can 
detect fluctuation of the torque of a motor based on above-mentioned control intentionally. If a 
motor target engine speed is made extremely lower than an engine speed, after an engine starts 
self-sustaining, the load covered by the motor will become large. With this load, rotation of an 
engine is checked and operation may stop. Moreover, when a motor target engine speed is lower 
than the engine speed which lights an engine, an engine engine speed 'cannot fully be raised and 
operation cannot be started. "The range which does not check operation of an engine" in this 
invention means the range acting as an engine start up and the failure of continuation in this 
way. 

[0018] On the other hand, when a motor target engine speed is made into a value almost 
equivalent to an engine speed, fluctuation of the torque of the power outputted from an engine 
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and a motor may not arise. In case operation of an engine is controlled based on fluctuation of 
an engine speed, in order to avoid changing engine operational status frequently, usually a 
predetermined neutral zone is formed. As for a motor target rotational frequency, it is desirable 
to set up in the range which separates from this neutral zone at least. 
[0019] In addition, the engine speeds used as the criteria which set up a motor target engine 
speed in this invention differ according to the control mode of the engine by the engine control 
means. For example, what is necessary is just to let the engine speed be an engine speed, when 
being controlled so that an engine rotates at a predetermined engine speed. 
[0020] The case where control of an engine is performed so that an engine speed and torque 
may not be controlled to a predetermined value but the demanded power may be outputted from 
an engine on the other hand is considered. In this case, the engine speed realized by the engine 
control means is changed according to the load covered over an engine. Usually it controls by 
covering a load with a motor to rotate an engine at a desired rotational frequency. Therefore, the 
rotational frequency realized when there is no load by the motor as an engine speed realized by 
the engine control means shall be said. When the engine speed realized by the engine control 
means may be changed with elements other than the motor which covers a load over an engine, 
it is desirable to also take the range of this fluctuation into consideration, and to set up a motor 
target engine speed. 

[0021] In this invention, the demand power at the time of self-sustaining can be set as various 
values as above-mentioned. Moreover, various approaches can also apply control of an engine. 
Thus, although this invention can be constituted from various modes, said especially power 
setting means is a means to set said demand power as a value 0, and, as for said engine control 
means, it is desirable that it shall be a means to rotate said engine by the predetermined engine 
speed. 

[0022] An engine speed is so high that the demand power at the time of self-sustaining is 
generally high, and an output torque also becomes large. Usually two or more combustion 
sections are prepared in the engine, and variation arises in initiation of operation in many cases 
at the time of starting. That is, in a part of combustion sections, also after resulting in the 
condition in which self-sustaining initiation is possible, other combustion sections may not have 
resulted in self-sustaining. This variation causes vibration at the time of starting- If the demand 
power at the time of self-sustaining is small, since the power outputted in each combustion 
section will become small, the effect by the above-mentioned variation also becomes small. 
Therefore, a value 0, then the vibration at the time of starting can be enough reduced for 
demand power as above-mentioned. 

[0023] Moreover, according to demand power, the fuel consumption at the time of starting is also 
changed. Usually at the time of starting, there are much harmful gas and the so-called emission 
to the self-sustaining initiation back. The amount of emission is changed according to demand 
power. Therefore, a value 0 then the fuel consumption at the time of starting, and emission can 
be controlled for demand power as above-mentioned. 

[0024] On the other hand, a halt of an engine and operation by the so-called idle state are 
included in the operational status according to the demand power of a value 0. In order to 
perform engine starting appropriately, it is not necessary to explain that it is desirable to perform 
control whose engine control means operates an engine at the engine speed in an idle state. 
[0025] The operation at the time of constituting this invention from an above-mentioned mode is 
explained in full detail. After operation of an engine is started, an engine control means operates 
an engine at the engine speed equivalent to idle rpm. On the other hand, a motor control means 
covers a load over an engine so that an engine engine speed may fall to a motor target engine 
speed. An engine control means increases fuel oil consumption etc. so that this load may be 
resisted and idle rpm may be maintained. Consequently, the power which a motor continues 
outputting negative torque and is outputted from an engine increases. In order to control an 
engine speed by two control means which differ in a target engine speed, after an engine starts 
self-sustaining, the torque of a motor becomes negative by both interaction. Therefore, if a 
starting control device is constituted from an above-mentioned mode, engine complete explosion 
can be judged appropriately. 
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[0026] When making demand power into a value 0, it has a temperature detection means to 
detect the temperature of said engine, and as for said power setting means, in below the 
predetermined value in which this temperature becomes settled according to the ease of ignition 
in said engine, it is desirable that it shall be the means which makes said demand power a 
forward predetermined value. 

[0027] Generally, an engine lights the vaporized fuel and obtains power. When engine 
temperature is very low, it is hard to evaporate a fuel and. usually it cannot be lit easily. 
According to the above-mentioned starting control device, when engine temperature is below a 
predetermined value, let demand power be a forward value. If demand power becomes large, 
since the injection quantity of a fuel will increase, combustion is promoted and it becomes easy 
to start Therefore, according to the above-mentioned starting control device, when it is under 
low temperature, an engine can be appropriately put into operation. In addition, the demand 
power in this case is good also as a fixed value defined beforehand, and good also as a value 
according to engine temperature. 

[0028] The starting control device of this invention is applicable to the various equipments which 
need to perform engine starting. Of course, it is also possible to apply only an engine to the 
various power output units made into the source of power. In this case, it is not concerned with 
whether starting and a halt of an engine are repeatedly performed during operation of a power 
output unit, but there is an advantage which can put an engine into operation appropriately. 
Moreover, there is also an advantage of the fuel consumption at the time of starting and 
reduction of emission. 

[0029] Thus, although this invention can apply only an engine to the power output unit made into 
the source of power, it is desirable to apply especially an engine and a motor to the hybrid-type 
power output unit made into the spurce of power. A hybrid-type power output unit is because 
starting and a halt of an engine are repeatedly performed during operation. It is desirable to apply 
the starting control device of this invention and to constitute invention as a hybrid car 
especially, as shown below. 

[0030] The hybrid car of this invention carries an engine and the 1st motor as a source of supply 
of power. It is the hybrid car it runs while controlling starting and a halt of this engine by the 2nd 
motor combined with this engine. While controlling said 2nd motor and rotating this engine 
according to the starting demand of this engine An engine ignition control means to perform 
supply and ignition to the fuel to said engine. In the range which does not check a power setting 
means to set up the demand power at the time of self-sustaining of this engine, the engine 
control means which operates said engine by the operational status according to said demand 
power, and operation of said engine The motor control means which rotates said 2nd motor at a 
low motor target rotational frequency more nearly intentionally than the engine speed realized by 
said engine control means. Let it be a summary to have a self-sustaining judging means to judge 
whether said engine started self-sustaining based on the torque of this 2nd motor. 
[0031] According to this hybrid car, an engine can be appropriately put into operation according 
to the same operation as the starting control device explained previously. Since a hybrid car can 
be run only by the source of power of a motor, starting and a halt of an engine are repeatedly 
performed during transit. Sjnce the engine by which repeat activation is carried out in this way 
can be appropriately put into operation according to the hybrid car of this invention, while stable 
operation is realizable, improvement in fuel consumption and reduction of emission can be aimed 
at. 

[0032] In addition, which configuration of a series hybrid car and a parallel hybrid car is sufficient 
as the hybrid car of this invention. The 1 st above-mentioned motor and 2nd above-mentioned 
motor are used as a different motor, and an engine and a driving shaft will serve as a series 
hybrid car. if the configuration which is not combined is applied. Moreover, if the 1 st motor and 
2nd motor are used as a different motor and an engine and a driving shaft are combined, it will 
become the parallel hybrid car equipped with two motors. Furthermore, it becomes the parallel 
hybrid car equipped with a common motor, then one common motor about the 1st motor and 2nd 
motor. This invention is not cared about as what adopts which configuration. 
[0033] In the hybrid car of this Invention, like the starting control unit explained previously, said 
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power setting means is a means to set said demand power as a value 0. and, as for said engine 
control means, it is desirable that it shall be a means to rotate said engine by the predetermined 
engine speed. Thus, the vibration at the time of engine starting, fuel consumption, and emission 
can be controlled as the starting control device explained previously, when setting up demand 
power. Especially control of vibration is desirable at the point which improves the degree of 
comfort of a hybrid car greatly. 

[0034] Moreover, when making demand power into a value 0, it has a temperature detection 
means to detect the temperature of said engine, and, in below the predetermined value in which 
this temperature becomes settled according to the ease of ignition in said engine, it is desirable 
[ said power setting means ] that it shall also be the means which makes said demand power a 
forward predetermined value. If it carries out like this, it will become possible to put an engine 
into operation appropriately under low temperature. 

[0035] It has a stop judging means to judge whether said car is stopping in making demand power 
into a value 0, and when said car is not stopping, as for said power setting means, it is desirable 
that it shall also be the means which makes said demand power a forward predetermined value. 
[0036] According to this hybrid car, demand power is made into a value 0 during a stop, and it 
considers as a forward predetermined value during transit. When putting an engine into operation 
during transit, usually to run using engine power is demanded. If the transit under this situation is 
continued, the power of a dc-battery will be consumed. Therefore, when engine starting is 
required during transit, it is desirable to output power promptly from an engine. According to the 
above-mentioned hybrid car, since engine demand power is put into operation as a forward 
predetermined value, power can be outputted promptly. Therefore, the responsibility of a car can 
be improved while being able to control the power consumption of a dc-battery. 
[0037] In addition, the demand power at the time of starting during transit is good also as 
constant value set up beforehand, and good also as a value which becomes settled according to 
the run state of a car, for example, the vehicle speed, the amount of treading in of an 
accelerator, etc. In the case of the latter, it is good also as that to which demand power is 
changed continuously, and good for it also as what is changed gradually. 

[0038] Moreover, you may apply combining what makes demand power a forward predetermined 
value in various modes at the time of low temperature. For example, an engine is the 
temperature more than predetermined, only when it is under stop, demand power is made into a 
value 0, and in the case of others, it is good also as a forward predetermined value. Moreover, 
when under a stop or an engine satisfies one conditions of the temperature more than 
predetermined, demand power is made into a value 0. and in the case of others, it is good also as 
a forward predetermined value. In addition, combining and applying in various modes is possible. 
[0039] This invention can also be constituted as the control approach of the engine shown 
below. Namely, while the control approach of this invention rotates this engine with the power of 
the motor combined with the engine It is the control approach to which supply and ignition to a 
fuel are carried out, and self-sustaining of this engine is carried out (a). The process which sets 
up the demand power at the time of self-sustaining of this engine, (b) Process which operates 
said engine by the operational status according to said demand power (c) In the. range which 
does not check operation of said engine Process which rotates said motor at a low motor target 
rotational frequency more nearly intentionally than the engine speed realized by said engine 
control means (d) It is the control approach equipped with the process which judges whether 
said engine started self-sustaining based on the torque of this motor. 
[0040] According to this control approach, according to the operation same with having 
explained as a starting control device previously, it is stabilized and an engine can be 
appropriately put into operation. In addition, it cannot be overemphasized that it is possible to 
apply the various additional elements previously explained in the starting control unit to the 
above-mentioned control approach. Moreover, it is also possible to constitute invention as the 
engine control approach as invention of the control approach of a hybrid car. 
[0041] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
based on an example. 
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"(1) The configuration of an example : first, explain the configuration of the hybrid car as an 
example of this invention. Drawing 1 is the explanatory view showing the configuration of the 
power network which outputs the power of this hybrid car. The engine 150 with which the power 
network was equipped is the usual gasoline engine, and rotates a crankshaft 156! The engine 150 
of this example is equipped with the device (it is hereafter called a VVT device) in which the 
closing motion timing of an inlet valve and an exhaust valve can be adjusted. About the 
configuration of a WT device, since it is common knowledge, detailed explanation is omitted. 
[0042] Operation of an engine 150 and a WT device are controlled by EnECU170. EnECUITO 
is a one-chip microcomputer which has CPU. ROM. RAM. etc. inside, and performs control of the 
fuel oil consumption and others of an engine 150 according to the program to which CPU was 
recorded on ROM. 

[0043] Otherwise, the power network is equipped with motors MG1 and MG2. Motors MG1 and 
MG2 are synchronous motors, and are equipped with Rota 132,142 which has two or more 
permanent magnets in a peripheral face, and the stator 133.143 around which the three phase 
coil 131,141 which forms rotating magnetic field was wound. The stator 133.143 is being fixed to 
the case 119. The three phase coil 131.141 wound around the stator 133.143 of motors MGI and 
MG2 is connected to the dc-battery 194 through the drive circuit 191.192, respectively. The 
drive circuit 191,192 is the transistor inverter equipped with the transistor as a switching 
element by 2 set [ 1 ] for every phase. The drive circuit 191.192 is connected to the control unit 
190. If the transistor of the drive circuit 191,192 is switched by the control signal from a control 
unit 190. a current will flow between a dc-battery 194 and motors MGI and MG2. Motors MGI 
and MG2 can also operate as a motor which carries out a rotation drive in response to supply of 
the power from a dc-battery 194, when Rota 132,142 is rotating according to external force (this 
run state is hereafter called power running), can function as a generator which makes the both 
ends of the three phase coil 131,141 produce electromotive force, and can also charge a dc- 
battery 194 (this run state is hjereafter called regenerationX 

[0044] An engine 150 and motors MGI and MG2 are mechanically combined through planetary 
gear 120. respectively. Planetary gear 120 consist of planetary carriers 124 which have a sun 
gear 121, a ring wheel 122, and the planetary pinion gear 123. A sun gear 121 rotates in the 
center. The planetary pinion gear 1 23 revolves around the sun, rotating the perimeter of a sun 
gear 121. A ring wheel 122 is rotated around the planetary pinion gear 123. The crankshaft 156 
of an engine 150 is combined with the planetary carrier shaft 127 through the damper 130. A 
damper 130 is for absorbing twist vibration produced in a crankshaft 156. Rota 132 of a motor 
MG 1 is combined with the sun gear shaft 125. Rota 142 of a motor MG 2 is combined with the 
ring wheel shaft 126. Rotation of a ring wheel 122 is transmitted to a driving shaft 112 and 
Wheels 1 1 6R and 1 1 6L through a chain belt 1 29. 

[0045] The whole operation of the hybrid car of an example is controlled by the control unit 190. 
A control unit 190 is a one-chip microcomputer which has CPU. ROM, RAM, etc. inside like 
ERECUnO. The control unit 190 is connected with ERECUnO, and both can be communicated 
for each other in various information. For example, EnECU170 has detected engine water 
temperature with the coolant temperature sensor 154. Therefore, a control unit 190 can acquire 
engine water temperature by communication link. On the contrary, a control unit 190 can control 
operation of an engine 150 indirectly by transmitting information which is needed for control of 
an engine 1 50, such as a torque command value and a command value of an engine speed, to 
ERECUnO. Moreover, operation of motors MGI and MG2 can be controlled directly by 
controlling switching of the drive circuit 191.192. 

[0046] In order to realize this control, the rotational frequency sensor 144 for getting to know 
the accelerator pedal position sensor 165 for detecting the various sensors of treading in, for 
example, the amount of the accelerator by the operator, and the rotational frequency of a driving 
shaft 112 etc. is formed in the control unit 190. Since it is combined mechanically, in this 
example, the ring wheel shaft 126 and a driving shaft 112 form the rotational frequency sensor 
144 for getting to know the rotational frequency of a driving shaft 1 12 in the ring wheel shaft 
126, and are using it as the sensor for controlling rotation of a motor MG 2 in common. 
[0047] (2) Fundamental actuation : in order to explain fundamental actuation of this hybrid car. 
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explain actuation of planetary gear 120 first. Planetary gear 120 have the property in which the 
rotation condition of a residual revolving shaft is decided, if the rotational frequency and torque 
(both are hereafter called the rotation condition collectively) of two revolving shafts are 
determined among three revolving shafts mentioned above. The relation of the rotation condition 
of each revolving shaft is shown in a degree type (1). 
[0048] 

Nr= (1+rho) Nc-rho Ns; 
Nc=(Nr+rho Ns)/(1 +rho); 
Ns= (Nc-Nr) / rho+Nc; 
Ts=rho / (1+rho) xTc; 
Tr=1V(1+rho)xTc — (1) 

[0049] Here. Ns and Ts are [ the rotational frequency of the ring wheel shaft 1 26 and torque, and 
Nc and Tc of the rotational frequency of the sun gear shaft 125 and torque, and Nr and Tr ] the 
rotational frequencies and torque of the planetary carrier shaft 127. Moreover, rho is the gear 
ratio of a sun gear 121 and a ring wheel 122 as it is expressed with a degree type. 
The number of teeth of the number of teeth / ring wheel 122 of the rho= sun gear 121 [0050] 
The hybrid car of this example can run in the various condition based on an operation of 
planetary gear 120. For example, where [ comparatively low speed ] transit is begun, while the 
hybrid car had suspended the engine 150. it transmits and runs power to a driving shaft 1 12 by 
acting as the power running of the motor MG 2. It may run carrying out idle operation of the 
engine 150 similarly. 

[0051] If a hybrid car reaches a predetermined rate, a control unit 190 acts as the power running 
of the motor MG 1. by the torque, will carry out cranking of the engine 150. and will start. At this 
time, the reaction force torque of a motor MG 1 is outputted also to a ring wheel 122 through 
planetary gear 1 20. A control unit 1 90 controls operation of a motor MG 2 to output demand 
power from a driving shaft 112. offsetting this reaction force torque. The control for putting an 
engine into operation is explained in full detail behind. 

[0052] In the condition that the engine 1 50 is operating, the power is changed into various 
rotational frequencies and the rotation condition of torque, and it outputs and runs from a driving 
shaft 1 12. If an engine 150 is operated and the planetary carrier shaft 127 is rotated, the sun 
gear shaft 125 and the ring wheel shaft 126 will rotate under the conditions with which are 
satisfied of an upper type (1). The power by rotation of the ring wheel shaft 126 is transmitted to 
Wheels 1 16R and 1 16L as it is. The power by rotation of the sun gear shaft 125 can be revived 
as power by the motor MG 1 . On the other hand, if it acts as the power running of the motor MG 
2, power can be outputted to Wheels 11 6R and 1 16L through the ring wheel shaft 126. When the 
torque transmitted to the ring wheel shaft 126 from an engine 150 runs short torque is assisted 
by acting as the power running of the motor MG 2. The power stored in the power and the dc- 
battery 149 which were revived by the motor MG 1 is used for the power for acting as the power 
running of the motor MG 2. A control unit 190 controls operation of motors MG1 and MG2 
according to the demand power which should be outputted from a driving shaft 112. 
[0053] Planetary gear 120 are in the condition which the ring wheel 122 stopped, and can rotate 
the planetary carrier 124 and a sun gear 121. Therefore, an engine 150 can be operated also 
after the car has stopped. For example, if the remaining capacity of a dc-battery 194 decreases, 
a dc-battery 194 will be charged by putting an engine 150 into operation and carrying out 
regeneration operation of the motor MG 1. If it acts as the power running of the motor MG 1 
even when the car has stopped, by the torque, cranking of the engine 150 can be carried out and 
it can start. At this time, a control unit 190 controls a motor MG 2. and offsets the reaction 
force torque of a motor MG 1. 

[0054] (3) Explain starting control processing:, next the starting control processing in this 
example. While starting control processing carries out cranking of the engine 150 by the motor 
MG 1, the processing for performing injection of a fuel and ignition and starting self-sustaining is 
said. By CPU in a control unit 190 (only henceforth CPU), starting control processing is 
combined with various control processings, and is repeatedly performed for every predetermined 
time. When the rate which uses engine power for the 1 st from EV transit to which the vehicle 
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''speed and torque of a hybrid car consider a motor MG 2 as the source of power and which 
usually shifts to a run state is reached, starting control processing is pefrformed as explained 
previously. It performs, when the engine 150 has stopped [ 2nd ]. the remaining capacity of a dc- 
battery 194 falls and it is judged that charge is required. Starting by the 2nd condition is 
performed by not being concerned during a stop and transit 

[0055] If a starting control manipulation routine is started. CPU will control the WT device of an 
engine 150 and will set an inlet-valve closing angle as the maximum lag first (step S100). This 
setup is explained. Drawing 3 is the explanatory view showing the closing motion timing of the 
inlet valve by the WT device, and an exhaust valve. The piston is moving up and down within a 
cylinder and the crankshaft of an engine 150 rotates an engine 150 in the direction of the 
clockwise rotation in drawing in connection with this. 

[0056] The arrow head of void showed the closing motion timing of an inlet valve, and the arrow 
head of continuous tone illustrated the closing motion timing of an exhaust valve. When an 
exhaust valve has a crankshaft in a front rotation location a little from the bottom dead point of 
a piston, it is opened, and when a top dead center is crossed a little, it is closed as illustrated. 
This timing is immobilization. On the other hand, an inlet valve is closed, when it opens in this 
side and a bottom dead point is crossed a little from a top dead center for example, in the timing 

A. After an inlet valve opens, till the time of exceeding a little, the both sides of an inlet valve 
and an exhaust valve are opening the top dead center. If closing motion timing is changed 
according to a WT device, only the closing motion timing of an inlet valve will change like Timing 

B. At this time, an inlet valve is later than Timing A. when it crosses a top dead center a little, it 
is opened, and when that part bottom dead point is crossed greatly, it comes to close it. 
Although the closing motion timing of an inlet valve is changed, the period which is in the open 
condition is the same to Timing A and Timing B, 

[0057] Thus, it shall express using an include angle, i.e., an inlet-valve closing angle, until an inlet 
valve closes from a bottom dead point as the changing closing motion timing of an inlet valve 
was illustrated. If an inlet-valve closing angle is adjusted more greatly than a standard value, it 
will become late that an inlet valve closes. This control is called lag control. If lag control is 
carried out, since the stroke which compresses the gaseous mixture inhaled in the combustion 
chamber will become short the loads at the time of performing cranking for putting an engine 
150 into operation decrease in number. In order to reduce the load of a step SI 00 smell lever, 
the inlet-valve closing angle is controlled by this example to the maximum lag. 
[0058] Next. CPU controls operation of an engine (step S200). Drawing 4 is the flow chart of an 
engine operation control manipulation routine. In this processing, as for CPU, ah engine 150 
judges whether operation is started or not (step S202). In being in the condition that supply and 
ignition in the condition, i.e., a fuel, that the engine 150 has not started operation are not 
performed, CPU ends an engine operation control manipulation routine. Since operation of an 
engine is not started in case a starting control manipulation routine ( drawing 2 ) is performed 
first, as for CPU, processing will be performed at alj. 

[0059] On the other hand, when the engine 150 has started operation, it judges whether a car is 
stopping GPU (step S204). This judgment can be performed based on the vehicle speed called 
for using the detecting signal of the rotational frequency sensor 144. Moreover, it can also judge 
based on whether the so-called position of a shift lever is located into P position used at the 
time of a stop. And the operational status of an engine 150 is set up according to the run state 
of a car. and control of operation is performed as shown below. 

[0060] When judged with it not being under stop, the power according to a run state is set up as 
demand power of an engine 150. For this reason. CPU inputs the amount of treading in and the 
vehicle speed of an accelerator (step S212). The amount of treading in of an accelerator is 
detected by the accelerator opening sensor 165. Based on these amounts of many, the run 
state, i.e.. the vehicle speed, and demand torque of a car are detectable. From the product of the 
vehicle speed and demand torque, CPU calculates power required for transit and sets it up as 
demand power Pe* of an engine 150 (step S214). 

[0061] Next, gradual change processing is performed about demand power Pe* set up in this way 
(step S216). Gradual change processing is processing which controls fluctuation of demand 
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power Re*. When changing demand power Re* of an engine 150 rapidly, it is processing for 
avoiding possibility that the operational status of a car will become unstable. Fluctuation of 
demand power is controlled the processing which specifically multiplies each of old demand 
power and the demand power newly set up at step S214 by the predetermined weighting factor, 
and takes the sum, and by [ so-called ] processing by annealing. Here, processing which carries 
out an upper limit guard so that the rate of change to a value may become below a 
predetermined value from old demand power, as a result of being annealed and processed has 
also been performed to coincidence. 

[0062] In this example, bound guard processing is further performed to demand power Re* set 
up in this way (step S218). That is, the value of demand power Re* is corrected so that it may 
go into the range of "0 <=Re*<=Rmax." For example, when smaller than a value 0, a value 0 is 
set as demand power Re* for demand power Re*. When larger than a value Rmax, a value Rmax 
is set as demand power Re* for demand power Re*. A value Rmax is a upper limit of the demand 
power set up in the range which does not produce vibration to the extent that it cannot overlook 
in an engine 150 at the time of starting, and other unstable operational status. 
[0063] In this way. a setup of the demand power of an engine 150 sets up target rotational 
frequency Ne* of an engine 150 based on a performance curve next (step S220). Drawing 5 is 
the explanatory view showing a performance curve. The curve B in drawing shows the rotational 
frequency which can operate an engine 1 50, and the threshold value of torque. It is an 
effectiveness line that the curve shown at alpha 1%. alpha2%, etc. becomes respectively fixed 
[ the operation effectiveness of an engine 1 50 ] etc., and it is shown that effectiveness becomes 
low at order (alpha1% and alpha2%). An engine 150 has high effectiveness on the operation point 
limited comparatively, and effectiveness falls gradually on the operation point of the perimeter as 
illustrated. 

[0064] The curve shown by CI, C2, and C3 is a curve with the fixed power outputted from an 
engine 150. In case A1. A2, and A3 output the power of curves CI, C2, and C3, respectively, 
they show the point that operation effectiveness becomes the highest. In addition, the curve of 
C1-C3 is a curve which can be innumerably drawn according to demand power, and can choose 
the high torque and the high rotational frequency of operation effectiveness according to each 
demand power. In this way, the curve describing the countless high operation point of the 
selected effectiveness is the curve A in drawing, and calls this a performance curve. 
[0065] At step S220 of engine operation point setting processing, target rotational frequency 
Ne* with sufficient operation effectiveness is chosen from on a performance curve. In addition, 
all the fields that can operate an engine 150 were shown in drawing 5 . The engine operation 
point setting manipulation routine of drawing 4 is processing at the time of engine 150 starting, 
and is processing by which demand power is performed in the comparatively low condition. 
Therefore, the performance-curve up part which was shown in drawing 5 and which are a low 
rotational frequency and low torque comparatively is used. 

[0066] CRU clears an idle flag at this and coincidence (step S220). An idle flag is a flag for 
directing activation of the control which carries out idle operation of the engine 1 50. A car gives 
priority to demand power Re* during transit, and controls operation of an engine 1 50. Therefore, 
an idle flag is cleared in order to direct activation of this control. 

[0067] In this way, if the operation point under transit is set up, CRU will perform control of 
operation of an engine 150 (step S222). ERECUnO actually controls operation of an engine 150. 
Therefore, CRU controls operation of an engine 150 indirectly by outputting demand power Re* 
to EFIECU170 here. ERECUI 70 controls the inlet-valve cjos^ing angle by fuel oil consumption, 
„ throttle opening, ignition timing, and the WT device etc.^ according to demand power Re*. 
[0068] In addition, the both sides of demand power Re* and rotational frequency Ne* are 
uncontrollable only by control of operation of an engine 150. As demand power Re* is outputted. 
it is only controlling an engine 150, and EFIECU170 becomes settled as a result according to the 
load with which an engine speed is applied to an engine 150. When putting an engine 150 into 
operation during transit, since power required for transit is already outputted by the motor MG 2, 
a transit load has hardly been applied to the engine 150. Therefore, if only control of step S222 
is performed, an engine 1 50 will rotate at a very high rotational frequency. In this example, target 
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' rotational frequency Ne* set up at step S220 because a motor MG 1 gives a load to an engine 
150 is realized as mentioned later. 

[0069] In step S202, when judged with it being under stop. CPU performs control for operating 
an engine 150 by the so-called idle state. CPU inputs the water temperature of the engine 150 
detected by the coolant temperature sensor 154 (step S232). CPU sets up the demand power of 
an engine 150 based on this water temperature (step S234). The demand power under stop is 
beforehand set up as a map according to water temperature. Drawing 6 is the explanatory view 
showing the map which gives demand power Pe*. When engine water temperature is lower than 
the predetermined temperature tmp2, demand power is set as the forward predetermined value 
ptmp, as illustrated. As for demand power, engine water temperature is set as a value 0 in the 
with a temperature [ tmp ] of one or more range. Among temperature tmp2-tmp1, demand power 
changes gradually according to engine water temperature. 

[0070] When engine water temperature is low, generally it is hard to put an engine 150 into 
operation that it is hard to evaporate a fuel. In this case, a forward predetermined value then the 
inspired air volume of an engine 150, and fuel oil consumption increase demand power, and 
starting of an engine 150 becomes easy. In this example, from this viewpoint when water 
temperature is low (one or less tmp [ of drawing 6 ] condition), demand power is set to ptmp, so 
that starting of an engine 150 is difficult In this example, two are set to the temperature tmp of 
1-10 degrees C. and -20 degree C of temp(sX and ptmp is set to 4kw(s). the class of engine 
which carries these parameters — responding — swerving — ** — what is necessary is just to 
choose a suitable value 

[0071] Next. CPU sets up target rotational frequency Ne* of an engine 150 (step S236). Target 
engine-speed Ne* is beforehand set up as a map of engine water temperature like demand 
power. Drawing 7 is the example of the map which gives target rotational frequency Ne*. In three 
or less value tmp predetermined in engine water temperature, target rotational frequency Ne* is 
set as a value Ntl as illustrated. If engine water temperature exceeds tmp3, gradually, target 
rotational frequency Ne* will decrease and target rotational frequency Ne* will become a value 
Nt2 at four or more temperature tmp. When engine water temperature is comparatively low, in 
order to promote warming up of an engine 150. a little high rotational frequency is set up as a 
target rotational frequency. In this example, a value Ntl is set as 1300rpm. and the value Nt2 is 
set as lOOOrpm. These values should just choose a respectively suitable value according to the 
class of engine to carry. 

[0072] CPU sets an idle flag at this and coincidence (step S236). In carrying out idle operation of 
the engine 150, unlike the control previously explained at step S222, ERECUHO controls 
operation of an engine 150 to rotate at a target engine speed. CPU sets an idle flag, in order to 
direct activation of this control. 

[0073] In this way, if a target engine speed is set up, CPU will perform control which carries out 
idle operation of the engine 150 at this engine speed (step S238). CPU controls operation of an . 
engine 150 indirectly by transmitting required information to ERECUHO as already explained. 
Here, since the idle flag is turned on, EnECU170 controls the inlet-valve closing angle by fuel oil 
consumption, throttle opening, and the WT device etc. according to the rotational frequency of 
an engine 150. From CPU. the flag which directs activation of this control, and target rotational 
frequency Ne* are outputted to EFIECU170. In this way, if control of operation of an engine 150 
is performed according to the run state of a car. respectively, CPU will end an engine operation 
control manipulation routine, and will return to a starting control manipulation routine ( drawing 
2). 

[0074] In a starting control manipulation routine, control of operation of a motor MG 1 is 
performed next (step S300). Drawing 8 R> 8 is the flow chart of the setting manipulation routine 
of MG1 torque T1. Initiation of this processing judges whether CPU is larger than the 
predetermined rotational frequency Netag used as the decision criterion of whether the 
rotational frequency of an engine 150 lights (it is hereafter called an ignition rotational frequency) 
(step S302). ERECUnO is performing control of ignition timing based on the rotational frequency 
Ne of an engine 150. Therefore, the rotational frequency Ne of an engine 150 is detectable by 
the communication link with EnECU170, The predetermined engine speed Netag should just set 
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up the engine speed which was suitable for ignition according to the engine class. In this 
example, in order to avoid big fluctuation of the rotational frequency accompanying starting, the 
value of Netag is set as a value almost equivalent to idle rpm. and lOOOrpm. 
[0075] When a rotational frequency Ne is below Netag, control (it is hereafter called ramp 
control) which increases the torque T1 of a motor MG 1 gradually with predetermined rate of 
change is performed. For this reason, as for CPU. only predetermined increment deltaT 
increases the torque Tl of a motor MG 1 (step S310). It combines, and upper limit guard 
processing is performed to torque Tl so that the predetermined maximum Tmax may not be 
exceeded (step S312). 

[0076] When the rotational frequency of an engine 150 is comparatively low, even if it outputs 
big torque from a motor MG 1 under the effect of inertia, it does not lead to the rise of the 
rotational frequency of an engine 150. Setting the demand torque of a motor MG 1 as a big value 
in this condition leads to consuming power vainly. In this example, from this viewpoint when a 
rotational frequency Ne is below Netag, ramp control of the motor MG 1 shall be carried out. 
[0077] On the other hand, when the rotational frequency Ne of an engine 150 is larger than 
Netag, CPU carries out feedback control of the torque of a motor MG 1. This feedback control is 
made as [ be / the rotational frequency Ne of an engine 150 / in agreement with predetermined 
target rotational frequency N1* ]. However, target rotational frequency Nl* applies the value 
which changes with run states of a car. It judges whether a car is stopping CPU (step S320). and 
in not being under stop, it substitutes value Ne* for target rotational frequency Nl* (step S322). 
This value is a value set up at step S220 of engine operation control processing ( drawing 4 ). 
When a car is stopping, the value which subtracted the predetermined value alpha from value 
Ne* as target rotational frequency Nl* is set up (step S324). In this example, the predetermined 
value alpha is set as 30 - 50rpm extent as mentioned later. 

[0078] If a load is not given to an engine 150 by the motor MG 1 during transit of a car as 
explained previously, an engine 150 will be operated at a very high rotational frequency. Target 
engine-speed Nl* and Ne* are values lower than the engine speed realized by control of an 
engine 150. On the other hand, it is controlled so that an engine 150 operates by target 
rotational frequency Ne* during a stop. Target engine-speed Nl* becomes a value lower than 
the engine speed realized by control of an engine 150 by setting it as the value which subtracted 
the predetermined value alpha from value Ne* as step S322 explained. Thus, in this example, it 
was not concerned with the run state of a car, but target engine-speed Nl* used for calculation 
of the torque of a motor MG 1 is set as a value lower than the engine speed realized by control 
of an engine 1 50, 

[0079] Next, CPU sets up the torque Tl of a motor MG 1 by the following formulas based on 
deflection deltanc of target engine-speed Nl* set up in this way and the engine speed Ne of an 
engine 150 (step S326). 
T1=k1, deltanc+k2. andsigma (deltanc) 

deltanc=N1*-Ne[0080] An upper type is a formula for setting up the torque of a motor MG 1 by 
the so-called PI control. Torque Tl is set up according to the proportional (the 1st term of the 
right-hand side) and integral term (the 2nd term of the right-hand side) of deflection deltanc of a 
rotational frequency. k1 and k2 are the fixed multipliers beforehand set up in an experiment or 
analysis as gain, respectively. When the rotational frequency Ne of an engine 150 is higher than 
target rotational frequency Nl*. the torque Tl of a motor MG 1 serves as a negative value, and 
when low. it serves as a forward value. Since PI control is a well-known technique, it omits the 
detailed explanation beyond this. In this way, CPU performs gradual change processing to the 
set-up torque Tl (step 8328). It is for avoiding that the torque of a motor Tl changes suddenly 
and operational status becomes unstable. 

[0Q81] If the torque Tl of MG1 is set up by the above processing. CPU will control operation of 
a motor MG 1 (step S330). CPU sets up the electrical potential difference which should be 
impressed to the three phase coil of a motor MG 1 according to torque Tl. PWM control of the 
turning on and off of each transistor which constitutes the drive circuit 191 is carried out so 
that this electrical-potential-difference value may be impressed to a three phase coil with the 
phase according to the rotational frequency of a motor MG 1. It is the same when the torque of 
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- a motor MG 1 is negative (i.e.. also when carrying out regeneration operation of the motor MG 1). 
Since PWM control of a synchronous motor is a well-known technique, detailed explanation is 
omitted. 

[0082] In parallel to control of a motor MG 1. CPU measures elapsed time after the target torque 
T1 becomes negative (step S332). This is measurement of the time amount which is negative 
continuously. Therefore, elapsed time will be initialized by the value 0, if jt changes to a forward 
value again after the target torque T1 becomes a negative value. If the above processing is 
performed, CPU will end a motor MG1 control manipulation routine, and will return to a starting 
control manipulation routine ( drawing 2 ). 

[0083] Then, CPU performs processing which controls operation of a motor MG 2 (step S400). It 
is controlled to output required power to a driving shaft 1 12. a motor MG 2 offsetting the 
reaction force by the torque of MG1. The reaction force is outputted to a ring wheel 122 by the 
formula (1) previously shown that torque T1 is outputted from a motor MG 1. During a stop, the 
torque which offsets this reaction force is set up as target torque of a motor MG 2. In addition, 
when the car is running, the value which added torque required for transit to the torque which 
offsets reaction force is set up as target torque of a motor MG 2. CPU carries out PWM control 
of the turning on and off of each transistor which constitutes the drive circuit 192 so that the 
electrical potential difference according to the target torque set up in this way may be 
impressed to the three phase coil of a motor MG 2. 

[0084] The rotational frequency of an engine 150 is changed every moment by the above 
processing. When the engine speed of an engine 150 is low. the engine speed of an engine 150 
rises gradually by carrying out ramp control of the torque of a motor MG 1 at the beginning when 
the starting control manipulation routine was started. VVhen it judges whether the rotational 
frequency Ne of the engine 150 changed in this way is more than the ignition rotational 
frequency Netag (step S500) and CPU becomes about it more than the ignition rotational 
frequency Netag. fuel injection to an engine 1 50 and ignition processing are performed (step 
S600). The directions which perform this processing and start operation of an engine 150 are 
outputted to EFIECUl 70 as already explained. Of course, this processing is not performed when 
operation of an engine 150 is already started Moreover, this processing is not performed also 
when the rotational frequency Ne of an engine 150 is lower than the ignition rotational frequency 
Netag. 

[0085] Next. CPU judges whether the progress period after the torque Tl of a motor MG 1 
becomes negative exceeded the predetermined value Ts as a high-order detonation judging of an 
engine 150 (step S700). As for a high-order detonation judging, an engine 150 says the judgment 
of whether to have started self-sustaining. An engine's 150 initiation of self-sustaining controls 
operation of an engine 1 50 by engine operation control processing (step S200X Consequently, an 
engine 150 is controlled to rotate at a rotational frequency higher than target rotational 
frequency Nl* used as the criteria of torque calculation of a motor MG 1. 
[0086] On the other hand, a motor MG 1 comes to output negative torque so that target 
rotational frequency N1* may be made to reduce the rotational frequency of an engine 150. In 
the condition that the engine 150 has not carried out self-sustaining, an engine 150 cannot 
maintain the rotational frequency more than Nl*. after the motor MG 1 has covered the load. 
Therefore, whether the period when the torque Tl of a motor MG 1 becomes negative exceeded 
the predetermined value cs can perform a high-order detonation judging. When the 
predetermined value cs is exceeded, it judges with the engine 150 having started self-sustaining, 
and CPU ends a starting control manipulation routine. It judges with the engine 150 not 
performing self-sustaining, and in below the predetermined value cs, CPU repeats processing to 
steps S200-S600. and is performed in it. Based on change of the engine speed at the time of 
starting, the torque of a motor MG 1, etc., the predetermined value cs can be beforehand set up 
experimentally or analytically as shown below. 

[0087] The situation of change, such as torque of the engine speed accompanying starting 
control processing of this example and a motor MG 1. is shown. Drawing 9 R> 9 is the 
explanatory view showing fluctuation of an engine speed when starting control processing is 
performed during transit of a car etc. If starting control of an engine 150 is started in time of day 
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t1 as illustrated, the torque of a motor MG 1 will go up to maximum torque Tmax with fixed rate 
of change (step S310 of drawing. 8 , S312 reference). The rotational frequency of an. engine 150 
increases gradually by the torque of a motor MG 1. 

[0088] In this way, if the engine speed of an engine 150 reaches the predetermined ignition 
engine speed Netag in time of day t2, supply and ignition to the fuel to an engine 150 will be 
performed. After reaching the ignition rotational frequency Netag, the torque of a motor MG 1 is 
set up by PI control (step [ of drawing 8 ] S320 - S328 reference). Based on the deflection of 
target rotational frequency Ne* of an engine 150, and the actual rotational frequency Ne, it is set 
up during transit of a car. In the section of time of day t2-t3, since an engine rotational 
frequency is lower than target rotational frequency Ne*, the torque of a motor MG 1 serves as a 
forward value. 

[0089] In time of day t3, if the rotational frequency of an engine 150 results in target rotational 
frequency Ne*. the torque of a motor MG 1 will change to negative. In this case, if the engine 
150 has not started self-sustaining, as the broken line in drawing shows, the rotational frequency 
of an engine 150 falls below to value Ne*. Therefore, the torque of a motor MG 1 will return to a 
forward value immediately again. 

[0090] On the other hand, if the engine 150 has started sell^sustaining, an engine 150 will be 
controlled to output power Pe*. Therefore, the rotational frequency of an engine 150 increases. 
A motor MG 1 outputs negative torque in order to make value Ne* reduce the rotational 
frequency of an engine 150. In this way, a period for a while and the torque of a motor MG 1 
serve as a negative value until the rotational frequency of an engine 150 is stabilized in value 
Ne*. 

[0091] If the torque of a motor MG 1 changes to negative in time of day t3, a high-order 
detonation judging counter will start measurement of elapsed time. A high-order detonation 
judging counter increases at a fixed rate as it will illustrate, if the engine 150 has started self- 
sustaining. If time of day t4 comes and elapsed time exceeds the predetermined value cs, CPU 
will judge with the engine 150 having started self-sustaining, and will end starting control. 
[0092] The elapsed time cs used as the criteria of a high-order detonation judging sets up the 
suitable value which can judge that the engine 150 started self-sustaining based on fluctuation 
of such an engine speed etc. For example, when setting elapsed time cs as the small value, the 
engine 150 should misjudgment-law-start self-sustaining by torque fluctuation of the motor MG 
1 as the broken line in drawing 9 R> 9 showed, when the engine 1 50 has not started self- 
sustaining. On the other hand, if a value cs is set as a large value, the time amount which a high- 
order detonation judging takes will become long. Moreover, while the torque of a motor MG 1 is 
slight, depending on the responsibility of control, it may just change, until the rotational 
frequency of an engine 150 is stabilized in Ne*, and an incorrect judging may be caused. In this 
example, elapsed time cs is set as several seconds in consideration of these conditions. In 
addition, it does not matter as that to which elapsed time cs is changed according to engine 
water temperature etc. 

[0093] Next, a setup of target rotational frequency N1* used by setup of the torque T1 of a 
motor MG 1 during a stop is explained. Drawing 10 is the explanatory view showing fluctuation of 
an engine speed when starting control processing is performed during a stop etc. Like under 
transit, if starting control is started in time of day t1 1, the torque T1 of a motor MG 1 will go up 
to Maximum Tmax. If the engine speed of an engine 150 reaches a value ISIetag in time of day 
t12, supply and ignition to a fuel will be performed and an engine 150 will start operation. Then, 
the PI control of the operation^of a motor ^G 1 is carried out (step [ of drawing 8 ] S300 - S328 
reference). 

[0094] In the section of time of day t12-H3, since the rotational frequency of an engine 150 is 
lower than target rotational frequency N1* of PI control, the torque of a motor MG 1 serves as a 
forward value. If the rotational frequency of an engine 150 exceeds target rotational frequency 
N1*, the torque of a motor MG 1 will change to negative. If the engine 150 has not started self- 
sustaining here, the rotational frequency of an engine 150 falls immediately and the torque of a 
motor MG 1 senses as a forward value again. This point is the same as that of the change under 
transit (refer to drawing 9 ). 
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•[009S] On the other hand, when the engine 150 has started self-sustaining, an engine 150 is 
controlled during a stop to carry out idle operation (refer to drawing 4 ). An engine 150 is 
controlled to rotate by idle rpm Ne*. On the other hand, a motor MG 1 is controlled to operate 
an engine 150 by target engine-speed N1* lower than idle rpm Ne*. The torque of a motor MG 1 
serves as a negative value continuously by the interaction of both control. Consequently, a high- 
order detonation judging counter increases with fixed rate of change henceforth [ time of day 
t13 ]. In time of day t14, if elapsed time exceeds the predetermined value cs. CPU will be judged 
to be that to which the engine 150 started self-sustaining, and will end starting control 
processing. 

[0096] Usually control for ERECUITO to carry out idle operation of the engine 150 forms a 
predetermined neutral zone, in order that the operational status of an engine 150 may avoid 
changing frequently. That is. usually control of idle operation is performed so that the rotational 
frequency of an engine 150 may be settled in the predetermined range to idle rpm Ne*. Since the 
torque T1 of a motor MG 1 will serve as a value 0 mostly if an engine 150 starts self-sustaining 
in being equal to idle rpm Ne* so that target engine-speed N1* goes into this neutral zone, it 
becomes impossible to perform a high-order detonation judging appropriately. 
[0097] On the other hand, if target rotational frequency N1* is set as a value extremely lower 
than idle rpm Ne*. operation of an engine 150 may become unstable with the load of a motor MG 
1. or it may stop. Moreover, if target rotational frequency N1* is made into a low value, it is also 
known for the configuration which combined the engine 150 and the motor MG1 grade through 
planetary gear 120 like this example that ******** will occur in planetary gear 120. Furthermore, 
if target engine-speed N1* is set as a low value, as a result of rotation of an engine 150 
becoming unstable, it is also known that the so-called twist resonance will occur. In this 
example, in consideration of these conditions, target rotational frequency N1* is set as the range 
which does not bar operation of an engine 150. and the value lower about 30-50 rpm than idle 
rpm Ne* is made into target rotational frequency N1*. That is, the value alpha in step S324 of 
drawing 8 is made into 30 - 50rpm extent 

[0098] According to the hybrid car of this example explained above, the high-order detonation 
judging of an engine 150 can be performed with a sufficient precision, and an engine 150 can be 
appropriately put into operation. Therefore, consumption of the power at the time of starting of 
an engine 150 can be controlled. Moreover, since an engine 150 can be put into operation 
promptly and certainly, the responsibility of the car under transit can be improved. 
[0099] Moreover, by the hybrid car of this example, the demand power of an engine 1 50 can be 
put into operation as a value 0 during a stop. Consequently, vibration of the engine 150 at the 
time of starting can be reduced. Moreover, the fuel consumption and emission at the time of 
starting can be controlled. 

[0100] By the hybrid car of this example, the high-order detonation judging based on the torque 
of a motor MG 1 was enabled by making target engine-speed N1* for setting up the torque of a 
motor MG 1 during a stop into a daringly low value rather than idle rpm Ne* of an engine 1 50. 
Consequently, it was able to become possible to put ah engine 150 into operation by making 
demand power into a value 0. and above-mentioned various effectiveness was able to be 
acquired. The hybrid car has the property excellent in fuel consumption and emission, and 
above-mentioned effectiveness raises this property further. 

[0101] In addition, the hybrid-car of this example- makes demand power a forward value, when 
engine water temperature is low." Therefore,- when it is under low temperature, an engine can be 
appropriately put into operation. Moreo^ during transit an engine 150 is put into operation 
ttnderthe demand power -ac'cordrng-to a run state. Therefore, the responsibility of a car can be 
improved, whife being^abte to" output power required for transit promptly and being able to control 
the power consumption of a dc-battery with starting of an engine 150. 
[0102] In this example, the hybrid car which applied planetary gear 120 was illustrated. This 
invention is applicable to the hybrid car which is not concerned with this but consists of various 
configurations. Drawing 1 1 is the explanatory view showing the configuration of the hybrid car as 
a modification. By this hybrid car. it replaces with planetary gear 120 and a motor MG 1, and has 
the clutch motor CM. A clutch motor is a motor for Rota relatively equipped with the pivotable 
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inner rotor 202 and a pivotable outer rotor 204, The inner rotor 202 is combined with the 
crankshaft 156 of an engine 150, and the outer rotor 204 is combined with the driving shaft 112 
as shown in drawing 1 1 . Power is supplied to an outer rotor 204 through the slip ring 206. The 
motor MG 2 is combined with the shaft by the side of an outer rotor 204. Other configurations 
are the same as that of the hybrid car of this example. 

[0103] The power outputted from the engine 150 can be transmitted to a driving shaft 112 
through the clutch motor CM. The clutch motor CM transmits power through electromagnetic 
association between the inner rotor 202 and an outer rotor 204. Under the present 
circumstances, if the rotational frequency of an outer rotor 204 is lower than the rotational 
frequency of the inner rotor 202. the power according to both slipping can be revived by the 
clutch motor CM. On the contrary, if power is supplied to the clutch motor CM, the rotational 
frequency of the inner rotor 202 can be accelerated and it can output to a driving shaft 112. 
When not in agreement with the demand torque which the torque outputted through the clutch 
motor CM from the engine 150 should output from a driving shaft 1 12. it can compensate with a 
motor MG 2. 

[0104] Moreover, if it acts as the power running of the clutch motor, motoring of the engine 150 
can be carried out and it can start. At the time of motoring, reaction force torque is outputted to 
an axle side based on the principle of the operation and reaction between the inner rotor 202 
and an outer rotor 204. This reaction force torque can be offset by the motor MG 2. If this 
invention is applied to the 1st hybrid car, it is possible to perform the high-order detonation 
judging of an engine 1 50 based on the torque of the clutch motor CM at the time of this starting. 

[0105] This invention can also apply the power of an engine 150 to the so-called series hybrid 
car besides the parallel hybrid car in which a direct output is possible to a driving shaft in this 
way. Drawing 12 is the explanatory view showing the configuration of a series hybrid car. By the 
series hybrid car. the crankshaft of an engine 150 is mechanically combined with the revolving 
shaft of Generator G. The engine 150 is not combined with a driving shaft. Power can be 
generated with Generator G by operating an engine 150. A dc-battery stores electricity the 
generated power. On the other hand. Motor M is combined with the driving shaft. Motor M 
rotates with the power of a dc-battery. 

[0106] By the series hybrid car. it responds to the charge of a dc-battery. and an engine 150 is 
operated and suspended. If the power of a dc-battery is consumed and charge is needed, an 
engine 1 50 will be put into operation and charge will be started. Starting is performed by carrying 
out cranking of the engine 150 with Generator G. If this invention is applied to this series hybrid 
car. it will become possible to perform the high-order detonation judging of an engine 150 based 
on the torque of Generator G at the time of this starting. 

[0107] In addition, this invention can apply only an engine besides a hybrid car also to the usual 
car made into the source of power Moreover, in the various equipments which are not 
concerned with a car but carry an engine as a source of power, it is good also as what is applied 
to the starting control unit which puts operation of an engine into operation. 
[0108] As mentioned above, although the gestalt of operation of this invention was explained, as 
for this invention, it is needless to say that it can carry out with the gestalt which becomes 
various within limits which are not limited to the gestalt of such operation at all, and do not 
deviate from the summary of this invention. For example, the above-mentioned example is 
available also as what realizes these by hardware, although various control is performed with 
software. 
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- * NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the outline configuration of the hybrid car as an 
example of this invention. 

[ Drawing 2] It is the flow chart of a starting control manipulation routine. 
[Drawing 3] It is the explanatory view showing an inlet-valve closing angle. 
[Drawing 4 ] It is the flow chart of an engine operation control manipulation routine. 
[Drawing 5] It is the explanatory view showing a performance curve. 

[Drawing 6] It is the explanatory view showing the relation between engine water temperature 
and demand power. 

[Drawing 7] It is the explanatory view showing the relation between engine water temperature 
and a target rotational frequency. 

[Drawing 81 It is the flow chart of MG1 operation-control manipulation routine. 

[Drawing 9] It is the explanatory view showing fluctuation of an engine speed when starting 

control processing is performed during transit of a car etc. 

[Drawing 10] It is the explanatory view showing fluctuation of an engine speed when starting 
control processing is performed during a stop etc. 

[Drawing 11] It is the explanatory view showing the configuration of the hybrid car as a 
modification. 

[Drawing 121 It is the explanatory view showing the configuration of a series hybrid car. 
[Description of Notations] 
112 — Driving shaft 
11 6R. 116L~ Wheel 

1 1 9 — Case 

120 — Planetary gear 

121 — Sun gear 

122 — Ring wheel 

123 — Planetary pinion gear 

124 — Planetary carrier 

125 — Sun gear shaft 

1 26 — Ring wheel shaft 

127 — Planetary carrier shaft 

129 — Chain belt 

1 30 — Damper 

131.141 — Three phase coil 

132.142 — Rota 

133.143 — Stator 

144 — Rotational frequency sensor 

149 — Dc-battery 

1 50 — Engine 

1 54 — Coolant temperature sensor 
156 — Crankshaft 
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165 — Accelerator opening sensor 

190.~ Control unit 

191.192 — Drive circuit 

194 — Dc-battery 

202 — Inner rotor 

204 — Outer rotor 

206 — Slip ring 



[Translation done.] 
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mzfS;m-s-&^-« . «»«i*^e.nft©h;i'5^*«ffi:^$ 
ns. x>>?>*ta5iateSMM-rs««r, BP-fex>-:^ 

>mm^mf)^mmzmmbx^^fs.^^'^mrit:!^>>^><D 

[0 0 14] z.<Diioiz:$.mm<Dihmmmmmiz^n 
x>v>(Dgite«ffisx>v>ftijffli^g:i««j^$ij 

s«»«l<7) h;i/i7<D^»tait?ViTx>>f >dta3i:5ife 

[0 0 15] *HJSi«(i:fett^ffligCO€^^t- 

So g iS^to t e> « h i7 ;^ b T x.> V >;<)t 

m^^mm-^'^^Wte^mxzSi^zt^^^o, x>>>> 
\zmn<DmM^xzf^'Xt)mit^^nft^mT\t. 

[0 0 16] ^izm.mvrzmK). mmmsm^mmt. 
«ii«<D h;i'i'oiJ:)tf3fflii&nsx>v;>(D@g|5ie 



tr^o mA.u. mwimf)mmm^iftvxx>i^y\z^^ 
^$nTi^^«^iin. ^mm^mxj^>i^>\z&m^ 

C<Dj;5fclEa«2r^bT«»«|A«X>v>{riS^ 

[0 0 17] i^43, mMizm^mmwi.<Dmmit, ±m<D 
mmizmrii^m.wjmo hji^^omm^mm^mfsimmo) 

=koTx>>?><^i5HEj5«ia^sn, ateJ)««tifc-rsBi^ 

ttfe^?., «l!iaaSlHMg^7!»tx>>'>(D.«i^^ 
fT5lHie^J;0t)<Si^J»^{:Ji> x>v>(7)lHltelS*+ 

IBHJ ciroj;5frx>v>cDateHi&:feJ;tXaiiK 
(DISS i: e> ;i l^ffiH 2r«i*r S , 

[0 0 1 8] mwsmmmmm.§k^y^>i^>m^WL 
tmimm(Dm\z vitm-tizit. x > >7i^ e ta* ^ n 

f)i$>^o mm^(D^m\zm'^\>^x:c>i^><Dmm^mm 
■r^mzii. jL>p>(Dmi&iKmf)mm\z$^wi-r^z t 

[0 0 19] ^43, *fgMfr*3l^T«»ttllS0lEi»^ 

^s-r -5 t ;^ s X > V > miEic ttx > V > ^j^ai#g 

trcfcSx>v>cD$ijffliffi«|(rf£:u;TS:^S, m^U. x 

^■o@<g»€:x>i^>®feS!ct-rn«iv^. 

[0 0 2 0] |eiei&:feJ;tXh;l/i7*Rlf^<DttJ3SJ 
p-rS(DTtt7S:<. S*Sti;/t«i:^S:X>>?>;i)^e,{iJ;>j 
-rSJ;^{rx>v>0©J«|d^fTt)tlS«^Sr#ASo 
*^S«^»rtt, x>v>MI«^afrJ;^TllS$nsiHl 

^tolS«x>>'>^I*Ht^.tlsft^§f^'^&CTi£«I■rs, n 

Ifl^tc J: -p T ft?^ Sr*Ht S :i <h <t o TX > > €rKlf S 
©iHie^T'lHlte^f its J; 5 fr^J^-r S©;i5^jiaT*-5o 
«e^T, x>v>tl^^g!:t<J;0*SSnsx>v*>lHl 

mwi.tLx\t. mmm\z^^».mim^^^\zMm-^ti 

s$nsiHiteisc*t, ai>i^>^z^^^i^f^mw]m&>^^ 
<Dmmizxz,xmmvn?>^'^\z\t. A^d^s^a^ttiB 

[0 0 2 1] ±«g(Djil9. *fg|^t3i3liT, SSatel^ 
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XDfBP fearer ©^r^^tjifflpJtlT?* -5. ^KD^oiZ:^ 

WEx >>? ys-iste $-a-s ^gr* -s © t-r * ^: t tjj 

CO 0 2 2] -mz^iLMm^cDw^mti^^m^m. x 

[0 0 2 3] s*i!j:'3{-f&i;T, ^&l!Il^t<D^^i|B^^^ 

[0 0 2 4] fiO<DS*|(i;^tc:iSi;fcjl*E*efilfc 

x>>7>of?ji:i. ti^J(i)^T-f H;WliT©jie 
:i5i^*ns. x>>?>©S&i!;^ji«J(c*ff-r-5fci)6fc: 
tt, X>57>^||#i!;;iit7^ H;WfiB-C©lHlteftTX> 

[0 0 2 5] ±m(DWim-c:^%m^m^vrzm-^<Di^m 
>'j>mm^mtT-( \i^)vwm.mzm^t^mm.^xx. 

[0 0 2 6] S*ft:^SrfflO t-r'5»^»ri5i»TH> ml 

i2x>v>©fi«^^aii-§ffi««im#®*fi^. stjia 

^ia^;5t«if2x>>?>(D,iiik<7)§att 



[0 0 2 7] -m\zx>i^>\iM.ithrzmMiz.^Lx. 
W}ti^n?>h<oT$>^o 3i>i^>0mmt)mmzm^is 

^\z\i. mm^%itL\z< <,^'Xuz<i^(Df)mi^r3b 
^. ±mttbmmm&m.iz^tni. x>>'>©Mg*5^^ 
muTo^m-^izii. s*»:^^iE©«<h-r^o m^mti 

i£iaTH*^«^Hx>-»^ii^(c$Si!i-r 

[0 0 2 8] :^^m<DiihW]m'mmm\t. x^-v^xdj^k 

mzmm-^^zth-simxh^. *^*^^«^{rtt, llj:;^; 
m:'jgS«)lte4'tx>>'>©J&|!i • «t±*JilSOjgLSI 
fT$ *IS *>5*McMt> S-r. X jfeid sS^fcff 

[0 0 2 9] C:<DJ;-5lr*5SWH, X^v^XD^m^^/ 

[0 0 3 0] ^^^^gcoA'f :/u 5/ x>v>t 

>J3^^$n;t:ll 2 (D««i«|tJ;-5TSx>>'>(DSa«; 

ib-oX. Sx>>J>«)M«iS*{I*&1;t. WEm2cD« 
«St*«0»bTKx>v>*|5HE3-a-;5itfe{C. *91B 

X > >^(D«^^ wtti^is J: at^i*c 5r ff 5 X > V y^'X 
mi^WLL. Kx Aate^(DS*i!/:^j&S^ 

T*SSn^x>v suites: J: 0 =£)^rjtfc:fit^ii 

mm^WLt. K^2(D«!(jts«h;i/i7trs^uTiiEx 
> > s a: 3tis ^ M 56 L s fij ^-r 5 a 4 aiE 

[0 0 3 1] a^a^^/uzffjy H«Mf:J;n«. JtfrjiS 

fc«>. ^fT'PJrx>s?>OJ6gi;feJ;tXf?il:7i««t)jiLII 
5 nil 0 S L^fT Sns X > V >G)/i6I!i*ii^f3?T 3 1 
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[0 0 3 2] fs.^. *^?g©A-f :/'J y vU 
[0 0 3 3] ^SIBjOA-f :f ij >7 K*M»ri3ViTH, 5fe 

[0 0 3 41 s*»:^*iio i-rs^^fcn, *a 

IBx>v>cDS«^«|{fi-r^S«^g^tfi#S*«^, mrfS 
WsiiWf&^mt.. KSS;^sWtex>$^>o.^^©§att 

Vi. ffiSTTX^v'XDMKSjg^lCffa 
[0 0 3 5] S«»I:^^&tto i-r^W^j^ti, 

[0 0 3 6] *^*^-5Al':/U y J;n«^ flt«(f 

*fT'^'(CX>v>^^«):r^«^a. X^v^XDtt- 

i)^ii^^^wrTQ)&fx^mMeti\tny7-y) (Dmij--- 

$ n>t X > e a-^*^ ^ tij :^ -r 
::<i:*iM*bli, ±83A-f:/'J.y K«^HJ;tl«. x> 

[0 0 3 3£ff4>ti!SI!i-rsiR©S*|(i:/jH:.- • - 



«tLTt)<fcVio miitws^^mmm\z 

[0 0 3 8] ^tz. <SSI^f3*V^TM*»;^7<&iE©Bff5£ 
Jcl^o ^J^tf, X>>'>;^t0fS£t±G)iia^Ta&¥), «t* 

j5«Rif )eK±rofi«(DVi-rn*^-*w^#s?»s-r -5 1 * 

to 0 3 9] 2|=fg?gtt, ^T\z^t:x.>i^y<Dmirf3m 

:s.>i^>\z^^-^fitznMm(Dmij\z^'oxmx.y 

i^y^m^^'^^iit'h\z. wmciim^i^-a^^n 
(a) m:c.yi?y(D^^m.fm(D^imn^WL'^^ 

xei, (b) WIBS*!!i;'3tr;£;i;fcJI|g*tS|-cSfiiB 

X>vJ>&a(Ef SXSt, (c) W«BX>>'><DJI 
«Sria»lx;feVittfflT, iHax>i7>ft!|»^©fcJ:oT 

*S$ti?.x>>?>i5ife|gci t) t.*«(::ffiVi«tli«ag 
liItelftTMtB«i!;SiSrliIIE$1+SXSt. (d) 

wm<n h;i^i^fw»-sfViT«fiBx>v>;5taa:ae*Mi& 

[0 0 4 0] *^*^-5M^af:5rfei3j;ti«, %\z^mm'mm. 
m.izVxMmvrz<Dt.n^<Dwm\ziiKi. :^ypy^^ 

V^o *fc, x>>?>0©m;^aiL-T<D^9gSr, A-f:/ 

■ Ta&^. .. .. 
[0 0 4 1] 

m\zm-^^^x^mr^. 
- MHTfes. m:f]mmzm^ibnit:jiyi?yi 5o\tm 

«©:<f?7U >X>v>T*0, i7^>i7->^7 M 5 6 
$:|5|eS1±-5o *llilfi«a|<DX>v?>l 5 0tiKm#t5<t 

•5, 

[0 0 4 2] x>v>i 5 ocoiie;fej;y:vvT«8Ptt 

EF I ECUl 7 0llJ;»3«!llfSnTl»-5. EFIEC 
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Ul 7 OttF'gaKfcCPU, ROM. RAU^^^-t^U 
>?>7'- V-f i7n3>tfi— ^'TibO, CPUTjiRO 

[0 0 4 3] W]tmm\Z\t. mz'e-^UGl. MG2 

3 2. I4 2i:, llIte«^#^£j^fiK-r*=ftn^;H 3 
1. 1 4 l*i#@$n>t;^7'-^l 3 3. 14 3i:<£{i 

Xt^-^ 1 3 3, 1 4 3 «^rr-x 119 tH^$ 
tlTVi^o ^-^MGl, MG2©X7=— 3^1 3 3. 1 

4 3 t#iHj$n;tHffia'r;p 131. 1 4 1 a. ^n^^ 

flffiijlHll^ 19 1. 19 2 $^bT/t>y 7^ U 1 9 4 

i^$nTv^?)„ mm^^i 91. 1 9 2n, s-ffi^rtir 

^rzh^>i^X^'i>A—^'T$,^, ffiKjIilj^l 9 1, 

1 9 2\tmm:i-y h 1 9 0 f3^^$nTv>5. mm=L 
-ybi 9 of^^cDmmmmz^'Dxmmm^i 9 1, 

i9 4i^-^MGi. MG 2 t.(Dm\zmmf>mti?>. 

^— ^'MGl. MG2fi7N*>yx'J 1 9 4*ve,oi|;^©#t 
3 2, i4 2f)ii^:fj\z^om^VX\^^^m-^iz\i^iS=i 

;n 3 1 . 14 1 (Dmmizmmij'&^c^'&^mmm 
tvxmmvx/'^y'T^) 1 9 4^5fe«-r^::tt)-c^-5 

[0 0 4 41 X>e7>l 5 0 t^-^^MGl. MG2tt 

iE-n-en:/^*iS'u^ir 1 2 0 s^ft-UTtSMWicite^s 

tlTIri^. :/^4^:5'U=^-\' 1 2 0(i. •y->^-\' 12 1, 
U >^^i' 12 2, tf::::t>^i' 1 2 3 

■rs:/7*;5"j^-fr u T i 2 4 *v^«i<^e^fnTVi5. -y- 

>^-\' 1 2 1 «+*-C|H«Ei--5. :7'7^5"J t!::i:j->:^ 
i'l 2 3\t^>^^l 2 1 (DPBBSSeL/^;5i^dite-r 
-S, •J>^^i'l 2 2Jiy^^^'Utfn:t>^-\'l 2 3 
roP3ffl?lll<g-r-5, X>vf>l 5 0 O^^>^7->•^':7> 
l 5 6ny>/ii 3 0 ^:;^LT7'^4^^'J+^UT^ttl 

2 7 t^-a-^tiTi^-Sc y>J-^i 3 o\i^yyi;~>^y 

S.^-^MG1©P-:J' 1 3 2tt. •»h>:^:i'iai 2 5 

■" ; N r = ( I + p ) N c - p N s : 

Nc = (Nr + pNs) / (1 + p) 

Ts = p/' (i+p) xtc ; 

Tr = l/ (l+p)XTc 
[0 0 4 9] Ns, T sit'>)->^'Vm 2 5(D 

mm^^J:ZSh)VC7. Nr. T r ttU >i/=^^-V'ttl 1 2 6 
©l5lteS:feJ:tXh;i/i', Nc. TcfiT'^^rJ^U^I' U 
Tffll 2 7(OI5jeia:6J;0:N;Pi7T*-5, ^fc, p tt:* 
^TSSnsaO; •3->4^-^ 1 2 1 t ij >if:ip-V' 12 2 



izm-^^tlX^^^o 'E-:$'UG2<DU~^ 1 4 2\t. U 
>:5'=^-\'«l 1 2 6 \zm^-^nXl-^^, U ^'^^^^ii' 1 2 2 
(DHfetd:, 5^x— >'<;p h 1 2 9 ^if\-hxmW}^ 112 
*5J:at»^l 1 6 R, 1 1 6 L{ce^$n-5o . 

[0 0 4 5] mmmoj\-c/^j y ]^^m(Dmm-^mt.m 

m=t.-y M 9 0 friDlWIiSnTti-S. $(Par:>;/ h 
19 0li. EF I ECUl 7 0 tl^m. F^g|5frCPU. 
ROM. RAM^&Wt'^O^-yT- •x''1'i7Pa>tf 
i-^J'Tafe-So ^Jfflla.->;/ M 9 OtiEF I ECUl 7 
Ot^i^^nxfeD, M«fia'*<Dtim*ilML.^'5J: 
tf)i'^mxh^. EF I ECUl 7 0«X>v 

>7KfiSr7kfl-fe>+»-l 5 4{rJ;D^ttibTVi-5, ^-o 
X. mm:i.-y h 1 9 0tiam(::<t0x>i;>7KM5rffi 
^■r?.c:<!:*«T*5o jS*t. iW«ax-/ M 9 0«. x 

>v> 15 0 hjvi^m'^m'pm^^ 

«Jg^«[^f»tt«5EF I ECUl 7 0 {'jtffi-r-S^ 

ttrio, x>v5>i 5 o©«fe^K««jic»Jll1--2);i 

t^tT^^o ffiKllilKl 9 1, 1 9 2©,;?.'f 

>i^Sr^^-r?>^<htrJ;D. ^:-3'MGl. MG2<Dil 

[0 0 4 6] *^*^?)MfP^^S1-5fc«e){rffl||a.x>> h 

i9 0(rtt. a^©-b>u-, jite«n±sri7 

va>-b>-y-l 6 5, i5<tlXffiijttl 1 2(D|Hlte§c$:» 
-5fc«)0|llCiS:-fe>-tH 4 4;5:i::^«Klte.tlTVi5, <J 

></=^^-\'itti 2 6 tmmmi 1 2 nttitt«jfc«g^$nT 

t^-5fcJ6, **j!i{R|Ttt. ffilbttl 1 2(DlHlteS$aj-2> 
^«e)0|lIteia-b>-tM 4 4 5:'J >i^^-Vttl 2 6 tC^ 
tt. ^-^'MG2(D@te*$!||i-r-5fc*W-fe>1*-t*a 

[0 0 4 7] (2) S*W»lf^ : T^^^^-S/W/iJ-;/ 

'Vi2 0(O9imz'z>i,^xmm-r^, :/7^i5'<j=^-\?i 2 

0«. ±^bAc3O(DI5IgiS(D0'fe. 2-Si©iaSfflC0|5I 

^ (1) ir^-t. 

[0 0 4 8] 



• (1) . . ■- 

p=-y->^^i 2 1 (Dftic/'J ^^y^t^iri 2 2<^S|S 

[0 0 5 01 ^^t&m<o/\'iff) y \^mm\t. r^v^^ 
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^-^MG2S;^ff-r-5;i<!:tctf3lKl!liWll 1 2C 

mti^mmhxim-t?), ra«tx>v> 1 5 0 stt-t 

[0 0 5 1] yN'r:^'J >:/ H^MA^m^coiSglr^-r-S 

^J$?a-ry h 1 9 Ott^r-5'MG 1 ^:hffl^. ^<D 

U^-Vl 2 0S::(^LTU>i^^-1rl 2 2{r^tH;'3^tl 
1 2d^^Hl:^;-rs<t5fc^-^MG 

[0 0 5 2] X>v>l 5 0:*ijl*SLTV^^<«liT«, 

LTKfdttll 1 Zti^^mtlL. Sff-r^o X>v>l 5 
0$ratebT-/5^^'J+^'J7«l 2 7 ?r!5Ite^-a--5 
i:> ±^ (1) S:SIJ£-r-5^#TT> ■tJ-^^^i'itt 1 2 5 

*3<ttxu >i/^-\'«i 1 2 6 *iiHftet--5. u yif^'^m i 

2 6©[iIte{cJ;5fi;'jtt^(7)*^*f|l 1 6 R, 116 
Ltr€M:^n^o -y->^-Vtti 2 5©IieicJ;^i!j:fj« 
^:-5'MGlT«:^iLTI5|^-r?);ii;6JT€^^. - 
t-^MG2*;^fT-rn«, U >^5^=?■^'Wl l 2 6 
:/M^T»^ll6R, 1 1 6 L{rtli:f;^ffi:/j-r ^CtAt 

T^i., x>v'>i 5 o*>e>ij>y^-vwi 2 6 ice^ 

h;i'5'*tT:S-r-5«^lcti^-^'MG 2 &;^fTr 

fTt-^fei*©«;/j[c:H^-^MG 1 T|Hl4Lfc«;'ji5j; 

z>v\*yxu 14 9 izm^^titzMfj^m^'^^o mm:i~ 
y h 1 9o\mw!m 1 1 2i)^iomtj-r-<^m^wiijizits 

CT^:-^MG1. MG2C0afe$-$lJffl|-r-5, 
[0 0 5 3] T'^^^'J^-Vl 2 0«, U>i^=^i'12 
2*t<|titL,fc;yci8T. :/74^^U+r UTl 2 4*5j;tX 

x$>^. mpL\± A*-;/T-u 1 9 4<Dn^mAi'pn.<fs.n 

X>>?>1 5 O^ilfeSjU ^-^MGlSrHI^jlfe 
■t?>Zt\zi:K). A*>yx'J 1 9 4$3te«-r5, 

;Pi7{rJ;oTX>>'>l 5 0 Si7^>:^>yL., ^fild-r 
;i©<i:#. $iJPax-:/ h l 9 O H^- 
^MG2SfW»bT, *-:5'MGl©JR:^h;l';^i&ffilS 

[0 0 5 4] (3) tihwjmmmm rAiz. ^uss^t-tj 

tt, X>>?>1 5 0 Sr^-^MGlTi7 7>+>i'-r* 
a6(DS!ia&li-5o iSW^IP^aStt. ffltfll:xx>7 M 9 0 



ibmmmmit. ^\zmmbitm<o. ^i\zA-cf'}y 
nvim\z^n-r^mm\zmvit^^\z^n-^ti^, «2 

(rx>v>l 5 0;<)^*f?jl:bTl^^«^(I*5ViT, 

U 1 9 4(DS^«*SiSTb, ^«*Sj^J.M<!:*iJ»f$nfc<h 

[0 0 5 5] mw}mmmm)v-^>:^mii^-^n^t. c 

PU«X>5^>'1 5 0<7)VVTttl«SWffllLT, ^-fK 

a^KCftSSSAtc^^-r* (;^7"y:;^s 1 0 0) . 
^. x>v> 15 0 ttv^'j >^^rtTfc:x h >75s±Tai> 

LT*0, c:ntr#oT04'ro^tHi!Oo;?|6»cx>i^ 
>1 5 0(D;7^>irv^7h*i@te-r§. 
[0 0 5 6] ®5t#WWWiS''f 5>y^&efttcD:5^EnT 

Tmm\z^Kimm^^ s.i^^^^m.-r^t. k^#oh 

[0 0 5 7] ;i<0J;5{C^{k-r-S)®^^<DMH:$"f5> 

mm-r^t, mmmzisix^nitm^fs.'s^m.m'r^ffm 

•7S 1 0 0(I*3V^TC:Oft<^SrMe.-rfcJ6. ®a#Mb 

A^mmM\zmmvxi^^^. 

[0 0 5 8] 'M\z. cpmtxyzyyomts.^mm-t^ 
(xx>>7's2oo) . 04«. x>>?>afe©jf?iaa 

uttx>5;>i 5 o*iae*Mj(&bTi^**^g*^s!Nj:t 

-r-5 (Xx>> TS 202)0 X>v> 1 5 O^tateSrM 

x^^f£^^vtm<DWi-^\zit., cpunx>v>aesiiiiffl 
a;i/-^>Sri^7i-s. i&ififiiffli«affl>»i'-^> (02) 
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[0 0 5 9] -Ij. x>>'>i 5 0 :^mm^m^LT^^ 

>7)Jff »^ tCffl e, P # V x 3 >\Z $> ^ US 

[0 0 6 0] x> 
v^^i 5 0OS*i&:tjtLT*ff«S|{c*£;D^c»;^5K 
^e-r-So ^:©fc«fcCPuH7i'-fc;KDBi*a*fi*J; 

t/*jS^£rA^>-rS (X-?<>7'S2 12). Ti^-feJWcTJSg 

X>>?>1 5 0©S*lti:^P e * tLT^;£-r^ 
y:/S 2 14). 

[0 0 6 1]^*:tC> ^I'PLT^^^nfcg^ifC^Pe* 

izz)\,^x^^ii!im^no (xy'-y-:fs2 1 6) . 

X>>?>1 5 0©S*»:^Pe *7i«iijftfrlEI!j-r-5J:<i: 
f^-yT'S 2 1 4Tfi;fe{r^^$tifcS*«i::'j<o^n^*n 

vmm^n z)Zt\z^-o xm^mtKDmm^^mm brt^ 

[0 0 6 2] :^mmmx\t. vxm^-^nfzm^m 
tiPe* izMvxmz±Tm:»- i^mm^mt (xx-y 

7^3 2 1 8) . :p*0> ro^pe *^Pma xj ©IB 
miZX^.i:^\zm^Wsi3P e*<Dm^1^}E-t^<DX$> - 

^JAtf, S*t!i:/jP e *d«ffl0 
\t. W^m:hP e*\ZWLOf)^^^^tl^^ m^WitlPe 
*7jtitPmaxJ;t)t):*:*ti«^{rH, S*i&:^Pe* 
izmPma xAm^$n^. ffiPma xHJ^ft^fciJti 

Tx>>?> 1 5 0 izmmvA.fs.\,^m(Dmm't(Di&^^^ 

[0 0 6 3] ZoLXX.>i;>l socD^^mti^m^ 
■t^t. ifetrx>v>l 5 0©@SlilteScNe*SI!)f^ 
ftSHrSt^i^TISS-r-s (;^t:«;/:/S220) , 05 

>i;>l 5 0 74tSePl«l^lElteici5ctyth;i.i7(DlS|!iffi 



XhK>. al%. a2%<r>imz%m'^^<1S.-:>X\,^<Z. 

tSr^urv^-So 0*-r?)at)> x>>'>i 5 otitttSE 

[0 0 6 4] CI- C2, cfeiCXC 3T*$nTVi-5ffi 

x>v> i 5 0*^e,{li:fj$n^l»;:^:^t-^©ftiK 
-Pab?). Al, A 2, A3H-^tl-iPntt^C 1. C2, 

S^bTV>?). ?S:43. Cl~C3(Dftm, 

[0 0 6 5] :5:.yi>ymut^^>vm.Mmm:<DXy-vf 
s 2 2 0 x\t. mwmw^±.i)^^'m.w<D§i\,^^mmm 

»:Ne **«3l*?Sn2>, 05tCttX>>'>l 5 0 

i)mm^mfs.±mi$.^7}^vtz. @4(Dx>v>se7i?'i' 

.>h^^«iS;P-5^Mix>v>i 5 0 A&Ki^coJBiaT 
[0 0 6 6] ^nt.mmzQPV\t7'1 Y)Vyyif^-t 

y\zir^ U5^y:/S2 2 0) , r-i \i)Vyyi/t\i. 
jiy-yyi 5 0 SrT-f H;vste-r^©W(DSifT*li*-r 

^fztb<Dyy^X$>^o ^mA^Mfi'fiZltW^mijP e 
**g5febTX>v>l 5 0coafe^£ffl129-r^. 

^^y\z-r^. 

[0 0 6 7] ^ovx^n^\z^^i[^mm.Tf--iyhi)^Wi 

^$n-5<!:CPU«X>>'>l 5 0 (Date<D«!l»Sr*ff 
f -5 (Z5^>;/yS 2 2 2). X^v'^l BQCiW&^M 
ISl3^|f-r^(DfiEF I ECUl 7 0T*-5, tftoT, 
Z.Z.X\t.CPV\t.mimilP e*^E¥ I ECUl 7 0 

tcm^-rs ^1 <»: 13 J; D H^Wtrx > V > 1 5 0 wage 
©JP-rS. EFIECU170 \t.^imiJ P e * tiSU 
T««i^i«M«^Xn'> h;i/MS. -^Sik^W. VVT«tt 

\z^^^%^m\^fkts.E^um-r^. 

[0 0 6 8] 13.^. xy-jy i 5 0 <DMlK(DmW<03^X 

itm^mij p e * tiaigSN e * <Dm:ti^mmt^ t 

\tX^fS.KK EF I ECUl 7 0«S*l!i:f7Pe *75iffi 

:fJ^n^^o^zx.y'yy 1 5 0 ^U^-t ^(D^xh^ . 
wmL\t3iyi?y 15 0 P)n-5ft?«ffr^i;Tigs 
*fTff»rx>-:;>i 5 0 ?&JS®)-r-5«^. 

^^\z^-muwiti\m.\z=^—^'sA.G2x^ii-&rix^^^ 

*in«, x>>?>i 5 0tt*siiiftv^iHife»TiHiei-« 

*IISS«faTtt. ^-r^iit), ^-^'MG 
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[0 0 6 9] X7-y:fS2 0 2iZ^\,'>X. 

tWS$tifc«^(rn. cpunx>x>i solvit) 
pun*iB-b>-y-i 5 4tj;t)i^m^nfcx>>'>i 5 

(XT^^yT'S 2 3 4). ff»ff tC*ilJ^S*i!i;'3«*fi 

x>v?>*ia*iSS tmp l«il±<DiSHTJiS*l(r 
:^«ttOlCiSS$n^o fiStmp 2~tmp KDWT 

CO 0 7 0] -«Sfcx>v>*M*«tet^«^trtt, 
*t^^t:bt?e.<x>i^>i 5 0 5&/i&l(rbtc<Vi. ^^tS^s 

«^(:S*iii;^;&iEc7)W^M<h-rnif, X>v> 1 5 0 

> 1 5 0 ©ji&»*^BIi;i8{c*ffl*t«v^*|-& (06 <7) t 
t emp 2^-2 OlCtb, p t nip<&4 kwtbXVi 

■5. cine.©/i7>^-^'ii, ««^sx>>'><^aa}:: 

[0 0 7 1] GPU«X>v>l 5 0<7)S:glHite 

fCN e * *^)&-r^ (Xx>y:7'S2 3 6) « g^HJfiffc 
Ne x.yi?yii^U<D-?y:ft\^X 
^a^^^^nxus, 0 7tiBSlHlCISNe 
V>yy<D«S|T*i>. H^-r-SffiO. X>v?>*ia)^^0f^ 
©« t m p 3 etTTtt, aSmteiSN e * titf N t 1 
WL^^ti^. x>>'>7Kfij5Ump 3 ^SA^t. 
{rSSHlK^Ne *«<SMU. ©«tmp4«±TttB 
^iHlfeiScN e * H«N t 2 tTi^o X>v>*ia7jsjti^ 
«ffiVi«^ttt. X>i;>l 5 0©lg«|£fiEjl-r?)^fe 
^^iS I ^ [Hltelgc H aiUfelS <!: LTlS^-r S (^Tife ^ o 
*li]!iS0!IT«fflN t 1 5 1 3 0 0 r pm« ffiN t 2 1 

0 0 0 r pmirK^bTL^-5. ;ine.ott«^«-r^x 

> > ©asfcjs i;T^-n-?njg«);a:ti Srii«?i-n« j; 

[0 0 7 2] ;itltl^B#trCPUH7'f H;i'7^i^^:t 
Xr-r-S (Xx';/7'S 2 3 6) , X>v?>l 5 0 StT-T 

tzmm t \tmfs. 0. efiecui7o \mwim^^x' 

!Hite-r-5j;-5HX>v>l 5 OroagSr^J»-r^o CP 



[0 0 7 3] '^LTgi^lHllEISd^KSSn^t. CP 
UttX>i^>l 5 0 sKiiieis-eT-i' K;l/Stef5$!lffll 
^*ff-r^ (X7^y7'S2 3 8) . liEtgiWbfciiO, 
CPUliEF I ECU 1 7 0 HitUTiJJSi^fllffi^mit 

f^iitfrjto^ Mgwtrx>v>i 5 o©ae*0jp 

J&, EFIECU17 0H, x.y-j>ihQ(r>mWi\z 
JSUTJKi^itlWa. :^D>yh;HIS, vvTfiMiCJ;?) 

F I Ecul 7 o{caj:^>$nf), vi5LT» ■€-n-en» 
w©^ff*?i8fcje:cTx>'>»> 1 5 0 (DW&(omm^% 

7bT, mium'm.)v~=}'y (02) irM-s. 
[0 0 7 41 miimm'm.)v-=f-yx\t. ^jc^-^m 

G 1 ©3lte©^Jffll$:llfT-r^ (XT^-yT'S 3 0 0) , 0 

MG 1 h;i/^7T 1 (D^^Ma;i'-^>cD:7n-5^ 
CCO<!Q,5|*5MJ&$ti-S)<i:CPUttx>>? 
yi BQ(r>mim.lfi^'X^ft^ti^^i)^<r>miW^tn.^ 
0f^W|HlteS:Ne t ag (KT. .^^kli!teS:tB¥^) .k 
Dt);*;^V^*^S*^^^J»f-r^ (T.T^^yT'S 3 0 2) , E 
F I E C U 1 7 0 HX>>7> 1 5 0 ©UltelScN e {rX'CJ 

15 0 (DimlE^N e «E F I E CU 1 7 0 tCDffiMT*^ 

jB-r^fcJe), Ne t agOttST-f H;H5Ite»tH«|g 
1 0 0 0 r pmtr^SbTVi-5. 
[0 0 7 5] [i!eiS:Ne*«Ne t a g£llTO«^m* 

-^'MG 1 O hJl-ir T 1 <&Rlf^(7)^fb^Tll5>«r trlt^f 

at). CPUtit-i5'MG10h;i/i'Tl S:0r5£coii^i-A 
T;^£ttiillP-rS (Xx>;/7'S3 10). #-B-T, 3f)£© 

mi3- H«as2r*fT-r^ y s 312), 

[0076] X>v>l 5 0 ©|Hlte^*tit^M16,Vi«^ 

^m:;^LTt)X>>?>i bO<DmWk<D}imz^ts.ii^^ 

*'>7!)^^t^®T^-r5'MGl«S*h;l'^^S:ic^-^ 

;i t \-iM:h ^^mzxmr^ z. t \zz)Uf)^ 

agKkT<Dm-^\z\i=E-^UG 1 *7>::'««l9-r*t)<o 

[0 0 7 7] — X>v>l 5 OG)lH]<telSNe*«Ne 
t a g J; 0 t):^€rv>«^trtt. C P UH^-^MG 1 <D 

x>->-> 1 5 0 (DniescN e f)mM(D^mmm 

»N1 *H-i!t-rsJ;5H;&:Sn^, fib. S^^IhIKS 
N 1 * tt*i^<D^ffttlllr J; t) M;5:-5«[Sjiffl-r5. C 
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3 2 0), l?*f|'r;&:i>«^trtiBg|iite»N i * frffl 

Ne*5rf^A-r^ (7>-x>y T'S 3 2 2 ) , ;i(DfflHX> 
v?>iSe©J^9ffla (04) ©XT-^yT'S 2 2 0T^^$ 

1 * t LTttN e * *> e. a 

^ (Xxy7'S 3 2 4) , *l|Jfi0iJTH, ^"Ti)® 
0> S'r^O{ia<£r3 0~5 0 r pmS^H^^tbTti 

[0 0 7 8] 5fetitti«bfeiio, mm<DMnfpiz^^^r 

Ji, ^— ^MG 1 TX>v'> 1 5 0 izMl^^^^fS.^^ 

t. x>>?>i 5 0(i#^itfciisi^iHigS:T«fe$n-5;i 
5 0 ©©ifflifci o T^a^ miEiaa: 0 t)i£VifitT* 

•5. f^^cfiir^SViTH, X>>'>1 5 o*ia«iii 

2 2TSi?lbfeilO, ttNe **^e>^S(D«aSMbfc 
ffifc^^f *JltfcJ:0> SeiHlteftNl *ttx>>?> 

1 5 0 (Dmm\z^-Dxm:m-^n^m^ik^<o%mmL 

Mt)e.-r, x>->->l 5 0©Sl|fflltrJ:oT^^$tl-5ll 
te^-t 0 fciSv^tttrtS^bTVi^o 
[0 0 7 9] ^*:fc:, cputt, dp bTS^^n^gigl 
iHlteStNl *<!:X>>?>1 5 O0|HlteScNe i(DlBIIA 

T 1 ^&S5£-r^ (7.x>>ys 3 2 6 ) , 
Tl = kl •Anc + k2. •£ (Anc) 
A n c =N 1 * -N e 

[0 0 8 0] ±^ti, Vit5l$-5P I ^JiSltriO^-^'M 

AncWttfiSM (;&ja^l«) <i:«^« (^mm2m) 
lr<tl9 hJUi^T 1*1^:36$ n-5. k 1. k2«^-n-?n 
y-f ><h bT^*^ll*^«<gW{r J; tlfc-^ 
©#ScTib.-&. x>v>i 5 0©lHltelS:Ne*^Sig|H|te 
»N1 * iO'bKlili^lrtt^-^'MGlOhJWi'T 1 

n^©ttt;*o, i&if^m^\z\tiE<Dmt/3ii>, Pimm 

f^o d3bTSS$nfch;i'5'Tl{I«bTCPUH 
»^^ffla€:*ff"r« (X5^<vyS3 2 8) . ^-^'Tl 

<Dh)Vi7tiiMmv. mmv^fStifi7F^i^izu?>^tiBm 

[0 0 8 1] &.±.(r>^m\Z^X)UG \ (DV)Vi> T lil^WL 
1 . C P U\t.=^—9UG 1 (D31lG©$!lf?^.ff -5 
(X5^yyS3 3 0) , CPUlihJUi^TlHiSCT^ 

-^j'MG 1 ©Hffla'r;pnq]ft]-r -<^«ffi^^^-r^, 

Gl<DhJl'i77i«A©«-&. fiP%^-a'MGl<£I5I^ag 



[0 0 8 2] ^-^'MGlcD^JW.hMfTbT, CPUli 

smhjvi'T if)^Mizu-DT*^ib(Dmmmm(Dmm^n 
5 (T.T^-yT's 3 3 2) o zn\tmmLTmzfs.riX\,^ 

(c;^c)fc^. nzS3E<Dm\zmm-rti\t. &mmm\mo 
\zwm<t^n^o &.±<Dmm^Mn-r^t. cpuii^ 

(02) \zm?>> 

[0 0 8 3]^©^, CPmt=E-9MG2(0mB^m 

m-t^mm^mfj-ti) (xx-v7's4oo) . ^:-^m 

G2\iMGl(Dh)l^},Zi:^K1]^mmh-0-0. iiJS/i 

i»:^sffi»«ii 1 2\zmijr?>^o\zmm^n?>. 

(1) (c<ti9, ■?-<D;R:'3*su>y^-Vl 2 2tcffi:'3Sn 
G2©B«h;i/d7ibT^)£Sn-S. «P*J*fT 

bTv^?.s^{rn, Ktit:m^-r^h)Vi?\zMtx^n 

tbTiiSgStlSo CPUttd^bT^^^ftl^cggf h 
Jl'i' fcJK i;Zt«flE*i^:- rJ' M G 2 ©Hffl 3 -f ;W frBJJP S 
n^J;'5fr, Ki!ilHl8Sl 9 2&«^-r5#hv>v7.^^ 

[0 0 8 4] et±o5aairj;ox>v>i 5 oo®e» 
tti^^^j-Jr^Wi-r^. $&»©iffliaa;i'-^>7!>iMJ6sti 
fz^i^. xy-yyi 5 ocDmrn^Aim^m-B^izit. =e- 

^UGKDhJVi^^^ yfmmt^ di:trJ;OX>>?> 

1 5 0 (Dmrnwcii^^^ n±#-r^o c p uttc: 5 tc 

^l!l-r-5X>>'>l 5 0CD(5ie^Ne7!)t,^E(il<iPi^§:Ne 
t a g£i±T*^?J''S*^<&fiJ^b (Xx-yT'SSO 
0) , }^'XmU^Ne t a g£A±tC?S:ofc«-&HH. X 
1 5 0'v©j!!Si»i!ait:fe«fctK;iS^'c«ia^&llff-rs 

(XT^^yT's 6 0 0) , mzmmht:mr). t^ij^^^ikm 
^*ffbTx>>?>i 5 ocoae^wi^-r^jt^^EF 
I Ecui 7 o{cai:/3-r^(D-cfe-5, ittrx 

>v?> 1 5 0 0)iie*«iHrM/l&snTVi-5«'&trtt, z: 

(Dmmi!ifft:>fii^o ^fz. X>>?>1 5 0<DlHieScNe 
A^^iklHllEaN e t. a gJ;l9fcfiVi«^frfeC:oi!lStt 

[0 0 8 5]^^:{r, cpunx>-:^>i 5 oo^jsw^ 

mmmmt)mm<DmT s ^s^^r*^5*^<£*ij^-r.5 (x 
5^yys7oo) . ^mn^tit. x>>;>i5o*ta 

35[afe«rHi&bit35^S*^(7)*IJ^*Vi5, X>i7>l 5 0 
**g3i]lfeSrHi&-r^i:. X>x>l 5 0©51^AtX> 

>?>iife©iwiaa (xx>y^s2oo) (rj;o®»$n 

So ZomMk. X>i^>l 5 Ott^— :?MG l©l-)Pi7 
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[0 0 8 6] ^-(0— ^T. ^-^MG 1 «X>v>l 5 
0(D|lIfelS<£gMlHieiS:N 1 *\zi&^^ii:^J^5M.(Dh 

jv^^iaij't^^'^iz^^o x>>^>i 5 o>^)sas:ag 

-^Jrli. X>>?> 1 5 0 75tg3iJgteS;fi^oTli:^Vit*IJ 
jgLT, CPUH:^x>^:?'S2 0 0~S6 0 0*T©ffl 

[0 0 8 7] **i!il««lOi&i!i^J»<fflafc#'5x>v>[5I 

9 tt, *niow*fT* \zihwsmmmmi)mn-^ ntzm-to) 

x>v'>I5ieg:^coai!)^^-riJiHj^Tab5= HS^-TS 

iio, mmt 1 ic43v^Tx>>'>i 5 0 ©$&iij©r^^5w 

JfeSn^i, 'E-^MGKDhJl^it.—^O^itmTm 
:^h;i/i7Tma x*T±#-rS (HBOXx-yTT'S 3 1 
0. S 3 1 2#^) o X>v>l 5 0 (DEIteiStttr-i' 

[0 0 8 8] l/T^^J t 2l3*5tiTX>i?>l 5 0 

ikllte^Ne t a sizmvrzmt. ^-^MGlWh;!' 
i'HP I «fflitrJ;0^€$n-5 (@8©xx>y:7^S3 2 

0~S 3 2 8pm) o *i^(7)^fTff'«X>v>l 5 0© 

BSiHifeis:Ne * tmmomm^N e tommzm':^^^ 

T^^StlS, Nf^Jt 2~t SCDKKTtt, X^S^XT) 
HlfelScttBi^lHUglSNe* iO-b^BV^fc*, ^-^'MG 

[0 0 8 9] mm t 3tC*5V>T. X>i?>l 5 OWHIte 
^:*^aSlHlfelS:Ne ^:-^MG 1 O h^Vi? 

nftirteuso ^:©*-a-, x>v?>i soAtgiates 

1 5 0(Dm^mmKe*&.'r\zi&Tt^. tj^ox, 

[0 0 9 0] x>v>i 5 o^tgicae^Mi^b 
Ti^titf, x>v>l 5 0«t!i:^Pe*Sr{lJ;»j-r*<k5 

*jpsn^, «£^T, x>>'>i 5 oroiiie»mi:*c-r 

t-:S'MGlttX>-:^>l 5 OroHIIEScSrttNe* 
friEMSii-'S^ri*. ^(DhJVi; ^OiiJ-t^, i^bTX 

>v> 15 0 (Diaeia^^fflN e *T'^;£-r§*-e. b« 

[0 0 9 1] ^^tijt 3H:fetiT^-:S'MGl«).h;i/i'7>« 



•5. I^^Jt 4»3;5:0, iiiiail#MA«0r5£©i[c s SriSA?) 
t> CPUHx>v>i 5 od^&ijie^raJ&bfci^iJ 
SbXi&KiSiJffli^l^T"^*, 
CO 0 9 2] ^<i*iJS©»ipi:i^5iS)ai^Mc s (i, Z. 

oVitmm»:m<Dm9j\zm'^^^x. x>'j>i 5o*ja 

9(t'©«l8T^bfcJ;'5tX>i;>l 5 0j!»«i4«eS: 
IIMbTV^;^V^«-&H^tt^^:-^MG 1 (D h)V!7mm 
(rioT. x>v>-i 5 0*iSa:afe$MJ&bfe*><Di: 

1 5 0(DlHitelS*^Ne *TS^-rS*XCO0JW(D 
JiS^ttC<fcoT«^:-^MG 1 (D h;Pi7:/!)Jt>T*^©W. 

*iijs««ii?tt, ;ine.o*#s#itbTS®i^rac ss 

^S>tlS€bTl^?). ySi^. Sii^rac s$rX>$?>7K 

[0 0 9 3] 'AiZ. <?*4'tc:*5liT^-^'MGl©h;V 
i7 T 1 OSJtl'ttffl S tlS B^KlalfeiicN 1 * <Dm.&\Z-0 

^^xum-r^. mi on. fft^f tc$&»wi9ffia*t*ff 
■5. ^fftftpifli, mmt 1 1 ici3i>TS&«wt»?i«Mji& 

^:-^MGl(7)h;i'i'Tllt*;*:MTmax 
ST±#-r?)o B^^Jt 1 2{l43l'iTX>v>l 5 0roiHl 

fft>n, x^';;'^! 5 ottateSrMi&i-*. ^<d^. ^ 
-^s^MG icaeup iftdissti?) (08©xx<>:?'s 

300~S328 . 

[0 0 9 4] Bf^J t 1 2~ t 1 3©B;PBlTtt, X>v> 
1 5 0©|5|<EiS:HP If|iiJfflOi€llHl<BlftNl *<kOt)iS 

life*. ^-^MG i»h;i/i'«iE<Dttt;^-5. x>>? 
> 1 5 0 <D0felS:;<iSB^lHiteii:N i * ^SA^t^r-^J' 
nGKOhJl/i^HMlrtebS, ii;iTX>v>l 5 0A« 

iS:a<E*ilJ&bTVi^ttti«, X>v>l 5 oroiHig 
Sctt-rCtrfiTb. ^-^MGl(Dh;Pi7«f|t;iEWtt 

•5. 

[0 0 9 5] x>v>i 5 oji«ga:a<£$w$Sb 

Tt^^W^, f?*4'liX>v'>l 5 OUT-f H^Pjltef 
-5i;5lrS&J«S^tl-5 (04#Sg) , x>-jyi SQUT 
HJl'SeScNe *Tlie-r?)J;5fr«ilffli$nSo 

i^BSniteifeN 1 *Tx>v*>i 5 0 ^mm-r^j^^\z 
mm^n^, mm'moms.i^mizjiox'E-'^uGi^ 
h)i^i7\i.mmm\z^<Dmtf3:?>o zom^k. i^^pjt 1 3 
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[0 0 9 6] EF I ECU 1 7 0:*J, X>v>15 0S 

T-f \^)vmm.-t^rctb(Dmmit. x>>?> 1 5 0 (omm 

(j;. x>'>'> 1 5 0 (Dmtlb^f}i7-i K;HilteicNe * \z 

JUDCi^Ne * t^LVi«-&(3(i. x>>'>i5 0*tS 
ScateSrMJSt-^i^-^'MG 1 © hJPi^ T 1 HHtSffl 

otfi^ftib, ^mnm^mmzmrfr^ztiiin^u 
[0 0 9 7] -^r, awiHieiSNi *^7'f K;HHiteis 

Ne *J;0 iffl{rK^-r -Si, ^:-^'MGl 

<DMM\z^-z>TX>i^> 1 5 0<Djlfe*J:icS5£»r;5cofc 

•SfCT'^^^'J^Vl 2 0 ^in-VTx.>i^yi 5 0 it 

ffiti<itC-r*ty5^3"J^-Vl 2 0TftlT-^iP*<5!± 

ffi^iffitwia^-r^i. x>v>i 5 0c9|5ife;^)i?f;^^tc 

> 1 5 0 o«fe$56tf7S;v^ttffltrag@eicN 1 * ^m. 

;tbT:feO, T-f hVHHeScNe * J;0t)3 0~5 0 r 

pmSSffiV>ttS:BS|5«E»:Nl *i:UTti-5. 

D, 08©7.5^y:?'S 3 2 4f3;:feltStta*3 0~5 0 

r pmSgiLTVi-5„ 

[0 0 9 8] ^±Tittiqbfe**JS«a|<D/W^'J y K» 
PfC<tn«, X>v?>l 5 0©^!|9J^*«»afA<fT5 

z.tf)ir^. x.>i7>i 5 o^mmzthwif^^itfj^i^ 
PSSraj^i-r^dtTjt-e^-s. x^vj^iso^ 

[0 0 9 9] S/i. ^HiS^SK^A-f :/U 
{?»*fc:«x>v>i 5 0(DS*l!i:'j$rfl[OiUT/i&lb 
•TSCltTitT^S. ^KDie^, i&»l^©X>v>l 5 0 

[0 10 0] :^mmm<D/\-izr»j v KmissTfi. 
\z\x^-9yiiQ\(r>v}\,fp^wc^^it^mn^mmL 

Nl *<£-X>-:/>l SOcDT-r KJUHieiSNe * iOt). 
SfcATfiV^ffli-r-SdilrctO, t:-:$'MG 1 (Z) h;!'^ 

ttOi:bTX>>?>l 5 0*ji&»-r*wi*tpl||i;i 
i^^P^^SRfi:feJ:DCX5•;;v3>HffinT^i.5 



[0101] ;^*5, *lliS^J©/N'f V Y^WA.. X 
■dT. <E®T{r*§S-&fcx>>?>$ii^{cS&lit-5ii 
;/jTX>v>l SO^i&Kj-r^, t^oT, X>>?>1 5 

*Sii"t){r. ♦M(D*Sl?ttSr|6)±-r*C:i*STt-5. 

[0 10 2] **)5S0i|Ttt, -/^^^U^-Vl 2 0^ii 
fflLfcA'f:^U>7 K*W<&«3J^bfe. *fgBj«cnHH 
*3e.-ra'!r(D«^*^e,;5:^A-f:/ij>y K»iHr®fflBj|g 
TafeS. HI iJi^Jg^fSiUTODA-rTT^U-y 

^^^U^-Vl 2 Ol5i;tXt:-^MGlfcf^^T. ^ 

»c:iltepJtg;a:'l' >:hD-i'2 0 2cteJ;at7'«i7^^ 0-4^2 

0 4Srffi;t-S>*fD-:$'«i!jaTab^o 0l"lt^-ra 
t). >:^D— ;5'2 0 2HX>v?>l 5 0Oi77>i7-> 
ir7 h 1 5 6 fcilS^^n, T'^iS^D— ^'2 0 4ttffiSft4i 

1 1 2{C^^^ctiTl'^S, 7^^a-^2 0 4iZ\t. X 
•J'^/T'U >^2 0 6 Sr:fM.TII;'3:<)S«i^$tl-5, T'^?:?' 
D-iS' 2 0 4fl!|<Dttf3li^:-^'MG 2 t)^^3nTli 
•5. ^-O^aofllJ^tt, *llig«»|©A'1':/iJ y K*P5ira 

[0 1 0 3] x>v5>i 5 07&^e.ai:^;$nfc®:^«. i7 
yy^^-i/cM^^Lxmw}^i 1 2{rtes-r-5z:i 

t70^U-i'2 0 A t(Df§[\zmMtfi^f^^t:iVhXWi 
-r>:?- 0-^202 ©lUtelS: cfc 0 t>i6^tn«, 

>:J-n-^ 2 0 2 cDEifiiasrJiaLTKKjtt 1 1 
2fcttj*-r*z:i7>tT€rs. x>i;>i 5 0Aie>i7^«y 
^t-:J'CMS:<M.Tm:^$nfch;i'i775«ffiftfilii 1 2 

^MG 2 TMfSr* H <!:X)«T€r-5. 

[0 10 41 i'7y^t-^'S:*jfT-rntf. x> 

v>l 5 0^t-^"J>yLTi&l!i-r-5Z:<»:*«Tt-5. 
t— :5"J >^!/P#{c;fi. -f >:^P— 2 0 2 i7'^7^^— 
5' 2 0 4 f^x<DVfm ' sf^fflwusna^^. 

i7jJt^f||||B{iaj:^$tl-5. C:(D;R:^7h;i'i7ttqB-^MG 
M<Dh;U5'{rS::^ViTX>-:^>l 5 0 (D^®*y^SfT'5 

[0 10 5] ci<7)J:5Kx>>?>i bo<r>m 

:h^mwimz^i&mi3-simi3./'^yV)v;\'i-:r^} y y^mm 
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[Hie«|{:«|«Wtr^^$nTV>^o X>v>l 5 OttS 

l!ittt;:ti^^$nTVi;^irio x>>'> i 5 0 ^m^t^ 

«:^HJ;DlHlte-r 
[0 10 6] v-U-X/W^^'Jy A*>yx'J 

©^«»njiSCTx>>?> 1 5 0 sate • <?±-rs. A* 

15 0 ^ihmLx^m^mmir^, mwjitmmmGX'x. 
1 5 0 $^7>^>i^bTff*:>n.5, ^mm^ti^ 

mmizmmmG(Dh)Vi'izm'j^^xj:>~jyi 5 oo^ 

[0 10 7] ^-roflS, :^%m\i. fS-iZfUy 
fiS. X>->?><D;?j.S:l(i;(jMa:-r-5ffl#CD*iig(rfc3ifflpI 

bT»«-r-g.a^ cDS«t:feiiT. xyi^xDmm^m 

[0 10 8] R±> *5g?g©*J6©J^«itc-DV^TIftBjL. 

fci)i. :^mM\tz3vrzmm<Dmmizmmm^^rL^^ 

*ffLTV^-5AS, iinS^A-HC^xTtracoTSIS-r 

[0Wof@j¥;^l5i?^] 

[0 1 ] :^^m(Dmmmt\^x(D/uzf^) y 
[02] i&i!ifii!i»«ia;i'-^>«)7P-^^-i-T* 

•So 

[0 3] m^^mcf^{z-D\.^xm-tmmmx$>^, 
[04] x>v>®te$ij^®a;i'-^>©7P-^^- 

[0 5] W}i¥mm\z-Di^xmrmmmxh^o 

[06] x>-:;>zKfiiS*i(i;O<i:«M|g^^-rittM0 



[0 7] :!i>p>A(.mtmmmmfkt(Dm%t:mimm 
mx$>?)o 

[08] MG 1 j»£*J|?«ia;P-5">W7n— 

[0 9] ^m(DMn^'izihWimmmmAmn-^nrzm^ 
<Dx >iiiteigc#(D^i!i s^-riegg 0T* -5 . 

[010] fit^KftrS&fdSdPaia^itglff^tifeW^ox 

[011] ^Jg^J,i:bT©A'f:/U y K*ii(D#t]l«S^ 

•tmmmx$,^, 

[012] ->ij-XA'f::^U>;;H«iii5ro«l^&^-riJiK 

0TS)-5, 

[»^c7)itti^] 
1 1 2-mmm 

1 1 6R, 11 6 L" *li 

1 1 9 •••^r-X 

1 2 0 --/^^^U^-V 

1 2 i -y->=^^ir 

1 2 2 " 'j >i^=^ir 

1 2 3 ■ ••:^7^i5' >j trx:r 

1 2 

1 2B^^^D■>^^rm 

1 2 6-U>y^-\'«l 

1 2 7--7'^*^"J4^^UT# 
1 2 Q -^'x— >"<;Ph 
1 3 0 -y>A 

13 1, I4i-Hffia'f;i' 

1 3 2, 1 4 2-a— ^' 

1 3 3, 1 4 3- X5^-^ 

1 4 4-^m^±.>^ 

1 4 9 -A*>yT-U 

1 5 0 "X>>'> 

1 5 4-7Kfi-fe>U- 

1 5 6 •••d7 7>i^'>^7 h 

1 6 5-T^-^)vm&±.yD- 

1 9 0 •^Jfflla.X-y h 
19 1, 1 9 2 "Ki!j|HlgS 

1 9 4-A*«y7^U 

2 0 2 —r >-:^P-i5' 
2 0 4 -7'^^P— ^ 

2 0 6 - XU -^T^'J >if 
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-1 
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S500 
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NO 
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Ne3 Ne2 Nel 



(16) 



!KpM¥ 12-238555 



[@4] 




YBS 



.S212 
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IT 
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O^P^^POlBX 
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1^ 
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w&sm 



c 



I 



RETURN 
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NO 



T1«-T1+AT 



Ne>Neta0? 
S310 

NO 



YBS 



^S320 
YES 



Tl^Tmax 




S3J 



122 



S324 





NUN-Ne* 




Nl'M-Ne*-a | 






- 



Tl4-kl- Aii6Hi2* SCAncd 
AiicFNl>^Ne 



c 



REUTRN 
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1,60 



[0121 



rtHlilllHIIIlh'S^ 




EFIBCU 



tuiiimitiiJil ~ 



rfnnnniniL 



M 



HI 



7P> hA— vWgl^ 

(51) Int. CI. 7 

F 0 2 N 15/00 
// B 6 0 K 6/00 
8/00 



F I 

F 0 2 N 15/00 
B 6 0 K 9/00 



f-m-V cm) 



E 

z 



F ^-K (##) 



3D041 AA28 


AA31 


ADOO 


ADOl 


AE02 


AE04 


AF03 




miA BA05 


BA13 


CA09 


DA09 


FAIO 


FA20 


3(M93 AA07 


AA16 


CAOl 


CA02 


DA06 


DAI 2 


EA05 


EA09 


ECOl 


EC02 


F601 





AA36 ABOl AC15 
AD02 ADIO AD14 
AE07 AE09 AFOO 

BA17 BA23 CAOl 
EB08 E625 EC05 
FA32 FA33 FA36 
BA05 BA21 BA22 
CA04 DAOl DAG 5 
DA13 DBOl EAOl 
EA13 EBOO EB09 
FAOO FA08 FAIO 



